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ABSTRACT

The Deschutes River Spawning Gavel Study was conducted
under the auspices of the Bonneville Power Adm nistration
as one of the neasures in the Northwest Power Pl anning
Council's Fish and WIldlife Program This program measure
Is in response to concern that controlled flows and
restricted gravel novenent bel ow the Pelton/Round Butte
Hydroel ectric Conplex may have degraded spawni ng habit at
for wld fall chinook salnon and summer steel head trout in
the 100.1 mles of the Deschutes River bel ow PGE dans.
Project objectives were to: (1) collect data on the present
quantity, quality and distribution of spawning gravel in
the river; (2) conpare these data to existing baseline data
collected by the Oregon State Game Conmission at the tine

t he hydroconpl ex was conpleted in the md 1960's; (3) to
quantitatively assess the extent and magnitude of changes:
(4) to create a new qualitative and quantitative baseline
on spawni ng habitat conditions in the river; and (5) to
recommend neasures for rehabilitating or enhancing spawning

habitat in the Deschutes.

Xiii



During the study, spawning habitat in the Deschutes River
was inventoried, gravel perneability and conposition were
sanpled at selected gravel bars, historical flow records
for the Deschutes were anal yzed, salnon and trout
utilization of spawning habitat was exam ned, and potentia
met hods of enhancing spawning habitat in the river were
explored. The results of these efforts are reported here
Some changes in river conditions since the md-1960% were
identified, including a reduction in spawning habitat

i medi ately downstream from the hydroel ectric conplex. The
1964 flood was identified as a factor which profoundly
affected spawning habitat in the river, and which greatly
conplicated efforts to identify recent changes which could
be attributed to the hydroconplex. A baseline on present
gravel quality at both chinook and steel head spawning areas
in the river was established using a freeze-core

met hodol ogy.  Reconmendations are nade for enhancing
spawning habitat in the Deschutes River, if it is

i ndependent |y determ ned that spawning habitat is presently
limting popul ations of summer steelhead or fall chinook in

the river.
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| NTRODUCTI ON

Native stocks of chinook sal mon (Oncorhynchus

tschawytscha) and summer steel head trout (Salno gairdneri)

have declined to very low |levels throughout nuch of the
Columbia River basin. The continued existence of many of
these stocks is uncertain and is dependent upon man's
careful stewardship of the rivers and streans which produce
them One aspect of this stewardship is the identification
and solution of critical problems facing anadronous fish

popul ations within the system

The Deschutes River in north-central Oregon supports
valuable wild stocks of fall chinook salmon and sunmer
steel head. These stocks in turn provide fishing
opportunities for sport, comrercial and Indian subsistance

fishers.

Anadronous fish were once found throughout nmuch of the



Deschut es drai nage (Len Mathisen, ODFN-retired, Bend,

Oregon, pers. comm). However, man's activities in

t heDeschutes Basin since white settlers first arrived in
the 1860's have led to a progressive reduction in the
availability of productive habitat for anadronmous fish.
Stream dewatering for irrigation, poor |and use practices,
maj or floods and dans have all played a substantial role in

this reduction of habitat.

Today, natural production of anadromous fish within the
drainage is restricted to the mainstem Deschutes bel ow the

Pel t on/ Round butte Hydroel ectric conplex (RM 100.1) and a

few [ower river tributaries.

Like nmost large rivers in the Colunbia Basin, the Deschutes
has been dammed for hydroelectric power generation.

Portl and Ceneral Electric Conpany (PGE) constructed a three
dam hydroel ectric project on the nainstem above river mle
100.1 in the 1950% and 60's. The three dans are
collectively referred to as the Pelton-Round Butte hydro
compl ex. Pelton Dam (RM 102.9) and its reregul ati ng dam
downstream (RM 100.1) were conpleted in 1964, essentially
ending natural production of anadromous sal non and

steel head in the upper Deschutes drainage. Round Butte Dam



(RM 110.4) conpleted the hydro conplex in 1964. Although
partially successful efforts were nmade to pass adult fish
around the three dans via a three mle long fish |adder and
a trammay system no effective means of getting juvenile
sal non and steelhead to mgrate downstream through Round
Butte Reservoir was ever developed. Since 1973, efforts to
conpensate for lost production of wild fish in the upper
basin have been centered around a mtigation hatchery

financed at Round Butte by PCE and operated by the ODFW

PCGE currently operates its hydro conplex within certain
gui del i nes established by the Federal Power Comm ssion and
abi des by other agreenents nmade with the Oregon Departnent
of Fish and Wldlife (COFW. Mninmm flows rel eased bel ow
Pel ton Reregul ati ng Dam shoul d be greater than 3,500 cfs
from March through June and greater than 3,000 cfs during
the rest of the year unless inflow to the PGE conplex also
falls below these levels. Although the pattern of water
storage and discharge at the PGE conplex varies between
storm events, seasons, and years, the general effect of the
dans is to increase average winter flows and decrease

average spring flows downstream

G ven the value of the wild sal mon and steel head stocks in



the Deschutes, biologists with the Oregon State Gane

Commi ssion (OSGC), voiced serious concern in the 1960's
that altered flow regimes below the hydroconplex would |ead
to degradation of spawning habitat in the | ower mainstem
Deschutes.  They noted that good spawning gravel was
relatively scarce with much of the gravel too conpacted for
fish use. They also noted that reductions in the quantity
or quality of suitable spawning gravels in the river m ght
cause fish populations to decline. OSGC biologists

specul ated that controlled flows below the hydroconpl ex
would lead to sedinmentation and conpaction of additiona
gravel bars that were heavily used by spawning fish,
because these gravels would no |onger be nobilized by peak

flows.

In order to devel op operating criteria for the PCE

hydr ocompl ex, the OSGC conducted the Lower Deschutes Flow

Study. This baseline study exam ned the quality, quantity,
distribution and utilization of spawning gravel for salnon

and trout in the |lower Deschutes from 1961 through 1966

(Aney et al- ., 1967). Based on the results of their study,
the OSGC recomended m ninmum river discharges bel ow the PGE
conpl ex of 4,800 cfs during the major trout spawni ng and

i ncubation period, Mrch 15 through July 15, a m nimm



di scharge of 4,500 cfs during the major salnmon spawning and
i ncubation period, Septenmber 15 through February 15, and a
m ni num di scharge of 4,200 cfs at all other tines (Aney et
al., 1967). It was further noted that if mnimumlega
flows proposed by the Federal Power Conmm ssion were allowed
to stand, which they have, there would be reductions in
avai |l abl e spawning area of 27 percent in the spring and 39
percent in the fall whenever these flows were matched. The
OSGC also tentatively proposed that a flushing flow of at

| east 8500 cfs be released fromthe project each year for a
period of at |east 36 hours to cleanse gravels of

accunul ated fine sedinents (Aney et al., 1967). None of the
OSGC recomendations were adopted by the Federal Power

Comm ssion as operating criteria for the hydroconpl ex.

The concerns raised by the OSGC in the 1960's were well
founded. Hydroelectric dans often effect changes in the
quantity and quality of downstream spawni ng habitat through
changes in gravel recruitment patterns, channel arnoring,
sedi mentation caused by reduced tractive forces ("scour
flows”), alterations in the hydraulic geonetry of stream
channels due to nodified flow regines, riparian
encroachnment, and changes in interflow (percolation)

characteristics (Leopold and Mattock, 1953; Bustis and



HIllen 1954; Chanbers et al., 1955; Brett, 1957; houston
1958; Curtis, 1959; Delile and Eliason, 1961; Phillips,
1969; Burns, 1970; Coots, 1972; California Department Fish
& Gane, 1974; Hamlton and Buell, 1976; E essler, 1977
Buel |, 1979; California Department of \Water Resources,
1981, 1982: Reiser et al. 1985).

Recent shifts in the percentage distribution of fal
chinook spawning activity in the |ower Deschutes suggested

that spawning habitat in the river has been degraded by the
PGE hydro conplex. It was thought that by restricting
gravel novenent and regulating |lower river flows the dans
had caused a shift in the spawning distribution of fall

chinook salnon that reflected a decline in the quality and

quantity of spawning gravel

The ODFW subsequently recomended a foll owup study to
document the extent and severity of any spawning habit at
degredation. The prinary objective of the study was to
identify and rectify existing spawning habitat problens.
The reconmmendati on was adopted as a neasure in the
Nor t hwest Power Planning Council's (NWPPC) draft Fish &
Wldlife Program and a study funded by the Bonneville

Power Administration (BPA). This report presents the



results of that study.

The major goals of this study were to define current
spawni ng habitat conditions in the lower 100 mles of the
Deschutes R ver bel ow Pelton Reregul ati on Dam conpare
conditions to those docunented during the OSGC study in the
m d-1960's, and reconmmend realistic options for inproving
spawni ng habitat in the river. Five study objectives were
identified as being essential to neeting these goals.

These i ncl uded:

1. Examne the quantity and distribution of spawni ng
gravel for fall chinook and summer steel head and

conpare findings with those of the OSGC (1967) Study.

2. Exam ne and canpare existing gravel perneabilities with

t hose neasured during the OSC study.

3. Define new baseline conditions of gravel quality in
different river reaches using the best nethods
avail able (a) to conpare present gravel quality anong
different sections of the river and (b) as a basis for
evaluating the effectiveness of any future spawning

gravel inprovenent neasures.



4. Use data from Study ojective 3 to determ ne how wel |
the distribution of fish spawning activity in the
Deschutes River reflects differences in gravel quality

between different sections of the river.

5. Summarize findings and formulate recommendations for
i mproving spawning habitat for wild fall chinook sal non

and summer steelhead trout in the Deschutes River

Spawni ng habitat damage caused by altered flow regimes
bel ow t he Pelton/Hound butte hydroconpl ex was to be
identified during this study. As the study proceeded and
understanding of the river increased, it becane apparent
that the effect of the 1964 flood on the Deschutes greatly
conplicates any analysis of hydroconplex inpacts on the
river. This flood was the largest flood recorded on the
Deschutes and had a profound effect upon the river (Aney et
al., 1967). Al though the OSCC collected data both before
and after the 1964 flood, in some cases the baseline
informaticn and anal yses did not clearly quantify the
effect that the flood had on spawning habitat in the
river. For this reason a great deal of enphasis in this

study was placed upon carefully exam ning records of the



1964 flood event, reanalyzing data collected in the 60' s hy
the OSGC, and determining to the extent possible the
effects that the flood had on spawning gravel in the

Deschut es.

Round Butte Reservoir was filled for the first time during
the 1964 flood, containing the flood "spike" or peak, and
dramatically affecting downriver flows and grave

novenent . In fact, one of the greatest effects the PCE
dams have had on the quantity, quality and distribution of
spawni ng gravel in the Deschutes probably resulted from
wat er storage during a few days in Decenber 1964, thereby
preventing the renmoval or destruction of spawning habitat

i medi ately bel ow the hydro conpl ex.



STUDY AREA

The Deschutes River basin is located in north-central
Oregon.  The basin drains an area of 10,400 square mles

(Oregon State Water Resources Board, 1961).

The study area enconpasses that part of the Deschutes R ver
bel ow the Pelton/Round Butte hydroconplex |ocated at River
Mle (RM 100.1. There are 760 niles of perennial and 1440
mles of intermttent streans draining the 2,70U square
mles of the |lower Deschutes basin. Mijor tributaries in
the | ower basin include the Warm Springs and Wite Rivers,
as well as Shitike, Trout, Eagle, Nena, Bakeoven and

Buckhol | ow Creeks.

The climate of the Deschutes basin is continental. Average

annual precipitation in the Deschutes Valley ranges from?9
to 14 inches, with only 25 percent occurring between 1 My
and 30 Septenber (Aney et al. 1967). The tributaries to

the Lower Deschutes are subject to sudden flow increases
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caused by either heavy precipitation or rain-on-snow
events. The resultant "flash floods" cause severe

wat er shed and stream channel erosion. These floods are
characterized by extreme water turbidity and heavy sedi nent

| oads which subsequently affect the mainstem Deschutes.

Deschutes River discharge has been extrenely stable
historically. Average annual flows typically range from
4,000-6,000 cfs at RM 100 and 5, 000-10,000 cfs at the
mouth.  Seasonal variations in streanflow of a single order
of magnitude have been rare. The maxi num fl ow recorded at
RM 100 was 15,200 cfs; and 73,900 cfs was the maxi num daily

fl ow recorded at the nouth.

The maj or geol ogi c conponent of the Lower Deschutes basin
fromthe river nouth to RM 60 is Colunbia R ver basalts.

From RM 60 to 100 the underlying geol ogi c conponents are

conposed of John Day and Clarno formations, chiefly

sedimentary and consolidated sedinmentary and vol canic rock.
The parent material has had an influence on the character

of the |ower Deschutes, which flows through a narrow,

wi ndi ng canyon 700 to 2,200 feet deep. The average stream

11



gradient is 0.23% Mjor features include Sherars Falls, a
vertical drop of 15 feet and Wite Horse Rapids with a drop

of 35 feet in one mle.

The Lower Deschutes River was divided into four study
sections based on those of the OSGC Study (Figure 1) (Aney
et al., 1967). Section | extends 3.3 mles fromthe Pelton
Reregul ati on Dam downstream to Shitike Creek (RM 96.8).

This section averages approxinmately 231 feet in width and
Is characterized by relatively stable flows and silt-free
water. Pelton Reregul ati on Dam has a very pronounced

effect on river discharge patterns in this section.

Study Section Il averages 202 feet in width, extending 13.0
mles from Shitike Creek to the mouth of the Warm Springs
River (RM83.8). This section is influenced by several
tributaries which nodify the mainstem flow wth their

occasi onal high discharges and sedinent |oads. For

exanple, Trout Creek (RM 87.2) has been observed to

di scharge highly turbid flows of 25 cfs, discoloring over
5000 cfs of Deschutes mainstem di scharge', and noticeably

reducing water clarity all the way downstream to the nouth.
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Fi gure 1. The Lower Deschutes Study Area
and its four Study Sections.
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Study Section Ill averages 204 feet in width and is 37.2
mles long, extending fromthe Warm Springs River to the
mouth of Wiite River (RM46.6). Streanflow in this reach
Is strongly influenced by the normally stable and clear
di scharge of the Warm Springs Rver. Like Study Section
II, this Study Section is affected by discharge from a
nunber of tributaries and relatively infrequent flash
floods carrying large volunes of silt-laden water.
Tributary streams exerting particular influence on Study

Section Il are Bakeoven, Nena and Wapinitia Creeks.

Wite River has a major effect on Study Section IV, which
extends 46.4 mles fromits nmouth to the Colunmbia R ver.
This section averages 275 feet in wdth. Wite Rver (a
river of glacial origin) has w de discharge variability and
will, at times, carry heavy |oads of glacial sand and

silt. Flash flooding from Buck Hollow Creek also has an

effect on this Study Section.

Sal moni ds of major inportance in the |ower Deschutes River
i ncl ude chinook sal mon, steelhead trout and resident

rai nbow trout (Salno gairdneri), comonly known as

"redsides". The lower Deschutes supports a fanmous and

13



highly productive sport fishery, primarily for resident

rai nbow and steel head trout.

Fal | chinook salnmon enter the Deschutes between August and
Cctober.  smallruns of spring chinook salnon enter nainly
during April and May. Most chinook sal non spawn between

| ate Septenber and m d-Novenber. Fry enmerge fromthe first
of January to late March (Jim Newton, ODFW The Dalles, OR
pers. conm). Mst juveniles mgrate to the oceanin their
first and second years, maturing in the oceanand returning
to spawn four or five years after the parent run (Bob

Li ndsay, ODFW Madras, OR, pers. comm).

The majorportion of the steel head run enters the river
from late June through Septenber, spawning from March to
June the follow ng year. Fry energence occurs between |late
May and July. Juveniles remain in the Deschutes one to two
years before mgrating to the ocean to mature. NMst return
to spawn during the third or fourth spring follow ng
enmergence. Deschutes steel head range from3to 15 pounds

in weight, averaging about 6.0 pounds (King, 1965).
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Resi dent rainbow trout reach up to 20 inches in length, and
are characteristically deep-bodied. The mpjority spawn in
t he nai nstem Deschutes between md-April and | ate June and
in the tributaries during March and early April. Little is
known about the relationships between these mai nstem
resident fish and mgrant steelhead. Studies recently
conducted by the ODFWindicate that there is sone genetic
di stinction between the two strains (K Schroeder, CODFW

Maupin, OR, pers. comm).

Figure 2 shows the major spawning and egg incubation
periods for fall chinook salnon, steelhead and resident
rainbow trout in the |ower Deschutes River. Gavel in the
river is utilized for salnonid spawning or egg incubation

nearly year round.
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Figure 2. Maj or spawning and incubation periods for fall chinook
sal non, summer steelhead, and resident rainbow trout in the |ower

Deschutes River, Oregon (Source: Steve Wlliams, ODFW The Dall es,
O egon).



METHODS

GRAVEL BAR | NVENTORY

The present quantity and distribution of gravel suitable
for salnmon and trout spawning in the |ower Deschutes were
estimated by conmbining air photo interpretation with an
extensive gravel bar inventory and communication wth ODFW
biol ogists famliar with the river. First, infrared air
phot os (1:2000 scal e) providing coverage of the river bel ow
Pelton Reregul ating Dam (RM 100. 1) were exam ned and the

| ocation of apparent gravel deposits marked on photo
overlays (Appendix 1). Locations of additional gravel bars

that had been either identified during the Lower Deschutes
Fl ow Study or seen in recent years by CDFW biol ogists were

also indicated on the overl ays.

It was anticipated that an intensive examnation of a small

subset of the gravel bars within each study section could
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be conbined with the photo interpretations to accurately
estimate the quantity and distribution of suitable spawning
gravel within the entire study area. However, the often
armored, conpacted or enbedded character of much of the
gravel in the Deschutes prevented reliable predictions of

gravel suitability based upon air photo interpretation

At the recomendation of ODFW biol ogists, an extensive
spawni ng gravel inventory of the entire |ower Deschutes
River was conducted. This inventory utilized techniques
enpl oyed during the OSGC baseline study. Mjor advantages
to this approach were that it provided conplete
docurmentation of gravel conditions in the river and that it
al lowed maxinmum flexibility in conmparing data on present

conditions to those reported by the OSGC

Plans to systematically neasure water depth, water

velocity, and substrate conposition along transects
established at a nunber of gravel bars within each study
section were abandoned when it becane evident that the
measur ements obtained would not help nmeet the goals of this
study. Mre specifically, the transect work was not done

because:
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Transect work was not needed to develop results which
coul d be conpared to those of the OSGC. Although
OSGC bi ol ogi sts nmeasured water depths and velocities
al ong transects established in spawning areas, the
measurenents were used solely to predict the effects
of fluctuations in river flows on avail abl e spawni ng
habitat in in each of the four study sections. The
OSGC did not use its transect data to estimte total

spawni ng ar ea.

Direct conparisons to the OSGC transect data were not
possible. An effort was made to take one-tine depth
and substrate nmeasurenents along habitat transects
established in the 1960's when the OSGC mapped sone
of their sanmpling stations. This mght have allowed
some anal ysis of recent changes in gravel bar

mor phol ogy. The value of this effort was dependent
upon observing habitat transects at flows simlar to
those present when they were originally established.
Few of the transect benchmarks could be |ocated, and
proper flows were not encountered during this study

at those transect sites which were found.

18



0 Conput er-conpati bl e transect mneasurenents that were
to be taken woul a have required considerable
followup work in order to nodel relationships

between streanflow and available habitat. The CDE'W
did not anticipate that it would conduct this

followup work and therefore saw little benefit in

having the initial transect work done.

Spawni ng gravel areas for salnmon and trout in the | ower
Deschutes R ver were inventoried froma notorized drift
boat in Septenber and Cctober 1983, and from May through
Septenber in 1484. Al areas of suitable spawning grave
whi ch could be located, including those roughly delineated
through air photo interpretation, were sketched on air
photo overlays. Each bar outline was then assigned a code
number and keyed to a field data sheet upon which specific
information on the bar was recorded (see Appendix VI).

| nformation recorded for each bar included the date
surveyed, river mle, position in the channel, mean |ength
and w dth when neasurenents were possible, apparent size
conposition of surface gravels, apparent quality of surface
gravel s, percentage of gravel that salnon and trout could
use under prevailing conditions, and factors potentially

limting the ability of salmon or trout to utilize the
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gravel deposit for spawning.

In Fall 1983, deposits of suitable spawning gravel in the
wetted channel of the |ower Deschutes were neasured and
delineated on air photo overlays. In the spring and summer
of 1984, additional deposits of suitable spawning gravel

whi ch were unwetted or thought unsuitable in 1983 were
measured and delineated on overlays. These followup
measurenments were necessary to fully quantify areas of
gravel which could be utilized by trout and to account for
changes in what field crews considered usable spawning
gravel based upon observations of fish spawning activity in
the river. In addition, followup exam nations of some
bars, particularly along the river nmargins and in side
channel s, showed that areas overgrown with aquatic
vegetation in the fall were sometimes free of vegetation
during the winter, spring and early sumrer, and hence

usable for steelhead and resident trout spawning.

based upon observations made in the field, the proportion
of each size class of spawning area gravel which could be
used by spawning trout or fall chinook was estimted based
upon prevailing conditions of flow and vegetation

over gr owt h.
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The surface canposition of spawning gravels |ocated during
the study was categorized by estinating the percentage of

bar surface over which each of the followi ng six gravel

cl asses predom nat ed

G avel dass Si ze
0 under |/4" dianmeter (not used for
spawni ng. )

|/4 to 1" diameter (used by trout
for spawning)

| 1to 3" dianmeter (used by trout for
spawni ng)

Il 3 to 6" dianeter (used primarily by
fall chinook for spawning)

|V 6 to 10" diameter (used by sone
fall chinook for spawning)

\Y over 10" diameter (not used for
spawni ng)

This gravel classification scheme was used during the OSGC
basel ine study. In cases where water depth prevented

physi cal inspection of gravels in known fall chinook
spawni ng areas, the conposition was assumed to be 50
percent Cass Ill gravel and 50 percent Oass |V gravel
This conposition was assuned because it was typical for

shal | ower gravel bars used by spawning fall chinook
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Field data on sone fall chinook spawning areas |ocated in
deep water were adjusted as a result of observations made
during helicopter flights over the river in Cctober 1983
and Novenber 1984. Spawning areas in deep water were often
more effectively surveyed fromthe air than they had been
during the drift boat inventory. Based on these helicopter
observations, bar outlines sketched during the ground-I|eve
inventory were shifted on photo overlays to account for
areas in which fall chinook redds could be seen fromthe
air. In a few cases entirely new spawning areas for fal

chinook were identified and recorded.

Surface gravel quality at each bar was classified

subj ectively based upon the likelihood of successful fish
spawni ng and reasonable egg survival. Gavel quality was
general ly estinmated after close examnation of a bar and
the performance of numerous "kick tests" to check for
gravel |ooseness. These tests involved repeated kicks of

the gravel surface with a boot toe.

The classification schene used to describe the quality of

surface gravels in each bar was:

Gavel Quality Description
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Excel | ent No apparent limtations to grave
quality; very high egg surviva
expect ed.

Good Few Ilimtations to grave
qual ity; good egg survival
expect ed.

Fair Gavel marginally suitable for
spawni ng; noderate egg surviva
expect ed.

Poor Fish use highly unlikely: very |ow

egg survival

The quality of spawning gravel in water too deep for close
i nspection was estinmated by considering the intensity of
known spawner use and the quality of adjacent grave
deposits in shallow water. Gavel classified as excellent,
good, or fair in quality was considered suitable for
spawni ng by salmon or trout; bars with poor gravel quality

were not considered suitable. This assignment of
suitability to specific quality classes of gravel was nade
in consultation with the ODFW after conpletion of the

gravel inventory.
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Bar outlines nmapped on photo overlays were reviewed and
finalized in consultation with ODFW biol ogists. Surface
areas of gravel bars for which dinmensions could not be
measured in the field (usually because of excessive water
depth) were then determ ned from planimeter measurenments of
bar outlines. The gravel inventory data were then coded,
keypunched onto permanent |BM tape, and transferred to
BPA's Conputer Center in Vancouver, Washington for

anal ysi s.

Data recorded for each gravel bar exam ned in 1983 or 1984
were used to calculate the surface area of spawning grave

for each gravel quality class and size class. The formula

used was:

wher e

Nyki = the surface area of spawning gravel of

quality class "j" and size class "k" at gravel bar "i
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A;= total surface area of gravel bar "i

Py deci mal percent of gravel bar surface that

was size class "k" at gravel bar "i

Ski = decimal percent of class "k" gravel

consi dered suitable for use by spawning

sal mon or trout at gravel bar "i

The surface areas of suitable spawning gravel wthin
specific reaches of the river were then estinated by
summing the surface areas of all suitable gravel deposits

within each specific reach of interest.

Rel i abl e conparisons between the present quantity and
distribution of spawning gravel in the Deschutes and the
information reported by Aney et al. (1967) were difficult.
Part of this difficulty arose frominitial
msinterpretations of the rationales and methods used by
the OSGC when they quantified spawning gravel. These
msinterpretations resulted from a |lack of available
docurment ation on work done by the OSGC and the |ong period
of time which has el apsed since the original baseline

study. In addition, some of the raw data collected by the
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OSGC on the distribution and abundance of spawni ng gravel
in the Deschutes have been lost since their study was

conpl eted al nbst twenty years ago.

G ven these problens, an attenpt was nade to understand the
changes in gravel quantity and distribution which have
taken place on the Deschutes since the 1960's. This effort
involved a conpilation of bar inventory data that was
recovered frominactive files at (FWoffices in Portland,
The Dalles, Bend and La Grande. The results of this
conpilation are presented and discussed later in this
report, as are difficulties encountered when conparing our

results to historical data collected by the OSGC on

spawni ng habitat in the Deschutes.

GRAVEL QUALITY

Spawni ng gravel quality in the |ower Deschutes R ver was
exam ned quantitatively by sanpling gravel perneability
and gravel conposition at representative spawning areas in
each of the four study sections. Photos taken of each

spawni ng area sanpled during the study are provided in
Appendi x 1.
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G avel perneability was determ ned using a standpipe

met hodol ogy devel oped by Terhune (1958) and used by the
OSGC during its baseline study. Perneability sanpling
sites were matched with those of the OSGC to the greatest
extent possible. In this manner, nmmjor gravel quality
changes which have occurred since the baseline study
shoul d have beconme evident upon exam nation of the

perneability data collected.

The gravel conposition of selected spawning areas was
sanpl ed using the freeze-core methodol ogy devel oped by

VWl kotten (1976) and refined by Everest et al.(1980).

This technique allows gravel sanmples to be stratified by
depth, a capability which can prove helpful in identifying
qual ity changes or problens (Everest et al. 1980). It was
felt that gravel quality parameters based upon the size
distribution of sediment in these stratified freeze core
sanpl es woul d provide the best baseline on current
spawni ng gravel quality in the river. Unfortunately,
direct sanpling of streambed gravel conposition was
unconmon in the md-1960's and was not done during the
OSGC basel i ne study.
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G avel Permeability Measurenents

G avel perneability data collected during the OSCC study
were obtained through a search of inactive ODFWfiles.
These data were examned and stratified to produce data
sets which could be conpared to perneability data collected
during this study. It was reasoned that since spawning
gravel exhibits seasonal changes in measured perneability
related to discharge patterns and the novenent of

sediments, only data gathered in the sane seasons could be
legitimately grouped and conpared. Stratification resulted
in the creation of separate data sets for neasurenents
obtained by the OSGC in the spring (March through June) and
during the fall (Septenber through Novenber).

The perneability data in each of the sets collected by Aney

et al. (1967) were reanal yzed to account for the

i nt erdependence of replicate nmeasurenents and the effect of
tenperature on apparent gravel perneabilities. Al OSGC
data were stored on pernanent |BM tape at the BPA Conputer

Center in Vancouver, Washington
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Data on the perneability of spawning gravel in the |ower
Deschutes were collected at 23 spawning bars between 31
August and 31 Cctober 1983 (Figure 3; Appendix Il1l). N ne
of these bars were sanpled intensively during the OSCGC
basel ine study and served as "match-up" sites to enhance
conparisons between current river conditions and those
found during the OSGC study. The other 14 stations were
selected to conplete representative groups of at l|east five
spawni ng bars for each of the four study sections. Gven
the gravel conposition of areas wetted during Septenber and
Cctober of 1983, these 14 "unmatched" stations were suited

primarily for spawning by fall chinook sal nmon.

Twenty point sanples of gravel perneability were taken at
each station using Mark VI groundwater standpipes (Figures
4 and 5) devel oped by Terhune (1958) and techni ques

enpl oyed by the OSGC during the baseline study. The

st andpi pes consisted of a stainless steel pipe with 48

perforations arranged in a specific pattern at the |ower
end, just above a hardened steel driving point. Mk VI
standpi pes used during this study were subjected to

extremely heavy use. Although initially constructed of
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Figure 4. Mark VI groundwater standpipe
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gravel perneability in the |ower
Ri ver, O egon.
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Figure 5. Field operation of the Mark VI

groundwat er standpi pes used to sanple gravel
pernmeability during this study.:



schedul e 40 stainless steel pipe, three of the devices were
broken while taking a total of approximtely 460
perneability neasurements. This necessitated the
fabrication of new standpipes from heavier, schedule 80
stainless steel pipe. Driving rods used to sink the

standpi pes into gravel bars were also damaged and required

repairs on occasion. Perneability sanpling equipnent other
than standpipes and driving rods perforned satisfactorily,

with no mal functions or breakage suffered during the study.

G avel perneability measurenents were taken at sanple
points distributed along transects originating at tenporary
survey hubs established on each gravel bar. A detailed

description of the procedure used to neasure grave

permeability during this study is presented in Appendix |V

At nost bars the perneability measurements were taken in
arrays of six or seven points distributed around each of

three survey hubs. In each array, fromone to three sanple

points were distributed along three or four transects

radiating from a central survey hub. Sonme gravel bars,
however, could not be sanpled in this fashion. At certain

stations, gravel dunes created by repeated spawning of fal
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chinook were separated by troughs too deep to sanple.

These dune formations consist of a series of elevated bands
of spawning gravel perpendicular to flow, with deeper water
present between each band or dune. \When pronounced gravel
dunes were sanpled, the perneability neasurements were
taken at points along transects which cut across the dune
structures at oblique angles. The location of each sanple

point and survey hub was recorded with reference to a

per manent benchmark established at each station

G avel perneability data collected in Fall 1983 were
keypunched, checked and stored within BPA's | BM conmputer
system  These data and those collected in the fall by the
OSGC during their baseline study were then anal yzed by
conputer using SAS statistical programs (SAS Institute
1982) .

Perneability data for the nine matched-up stations were
broken into two groups because of differing years of
measurenent and of differing effects of the PCE
hydrocanpl ex on gravel recruitment to the stations. The
OSGC neasured gravel perneability at the one station in
Section | both before and after the 1964 flood (Fall 1964,
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Fal | 1965) but neasured perneabilities at the eight
downstream stations only prior to the flood (Fall 1963;

Fall 1964). Also, Section | lacks an outside source for

gravel recruitment while Sections I, Ill, and IV do not.

The two groups of matched perneability data were tested for
statistically significant changes in gravel perneability
usi ng separate Anal yses of Variance (ANOVA's). Overall, a
total of three statistical tests of significance were
performed on the perneability data collected. These tests

i ncl uded:

o A two-way ANOVA (Station X Year) for the eight stations
bel ow Shitike Creek sanmpled in 1983 that were also
sanpled by the OSGC in both 1963 and 1964. This test
was nade to determ ne whether there was a statistically
significant change in the pernmeability of gravel in the

Deschutes R ver below Shitike Creek

o A one-way ANOVA (Year effect) for gravel perneability

at station 501, which was sanpled in 1983, 1964 and

1965. This analysis was performed to determ ne whether
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there was a significant change in the perneability of

gravel in the Deschutes between Pelton Reregul ati on Dam

and Shiti ke Creek.

A nested ANOVA of data collected in 1983, with stations
nested within study sections. This analysis was
performed to determ ne whether observed between-section
differences in gravel perneability were statistically
significant. Three a priori hypotheses of gravel
perneability differences between specific groupings of
the study sections were made within this nodel. The

three groupings of study sections were:

Study Section | v. study sections IIl, 111, and IV
(prinme spawni ng areas inmedi ately bel ow Pel ton
Reregul ati on Dam versus spawning areas bel ow

Shitike Creek).

- Study Sections Il and IIl v. Section IV (spawning
areas below Shitike Creek not influenced by
gl aci al sedinent versus those influenced by

glacial flour from Wite River).

33



Study Section Il v. Study Section IIl (certain
tributaries to Section Il are reported to
contribute large quantities of fine sedinent to

t he mai nstem Deschutes; the Warm Springs River, at
the upper end of Section Il1l, has generally clear

and stable flows).

The statistical findings of the analyses given above are
presented in the Results and Discussion section of this

report.

It was initially thought that sanmpling gravel perneability

in the spring would help to quantify changes in gravel

qual ity which may have taken place on the river since the
OSGC study. However, snmall sanple sizes in the OSGC data
base and experiences with highly variable perneability data
collected in Fall 1983 led to a decision by BPA, Buell &
Associ ates, and the CDFW not to sanple gravel perneability
in Spring 1984.
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GRAVEL COVPCSI TI ON

Chi nook Spawni ng Areas

Ten stratified gravel sanples were collected at each of 10
potential chinook spawning areas in Fall 1983 (Table 1;
Figure 6, Appendix V, Appendix VI). At least two stations
were situated in each of the four study sections. The
sanpl es were extracted using a nodified "tri-tube" freeze
core sanpler (Figures 7 and 8) and techniques described by
Everest et al., (1980). A detailed description of the
procedures used to collect stratified core sanples of

spawni ng gravel is presented in Appendix |V.

One gravel core was taken from each of three or four sanple
points scattered randomy around each of three survey hubs
at each station. The survey hubs were established in
spawni ng habitat exhibiting physical characteristics wthin
the preference ranges of the species (Reiser and Bjornn
1979). Sanple points and survey hubs were established with
reference (azimuth and distance) to a permanent benchnark

established on the riverbank at each station
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Table 1. Potential fall chinook spawning areas in
the lower Deschutes River, Oegon sanpled for
gravel conposition in Fall 1983.

Station Name Nunber Study Section River Mle

Jackson's 501 I 99.9
Di sney 504 | 98.9
Morrison's 5 | 96. 4
Bel ow Dry Cr. 10A N 94.1
Whi skey i ck 47 []] 77.2
Newt on™s |sl. 56 []] 70.3
Wndy FIl at 62 []] 65. 2
QGak Springs 92 11 47.5
Cedar |Island 104 |V 31.1
Fall Canyon N 123A |V 10. 2
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Figure 7. Modi fied "tri-tube" freeze core
sanmpling equipnent used to sanple gravel

conmposition during this study.
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Figure 8. Field operation of nodified
"tri-tube" freeze core sanpling gear used
during this study,
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Frozen cores of chinook gravel were separated into four 10
cmthick (4 inch) depth strata using a subsanpl er having
renovabl e netal trays (Figure 9). Each depth stratum of
substrate was bagged separately and saved for |ater sieve
anal ysi s. Each bag was labelled with a unique code that
keyed the enclosed sanple to information recorder

el sewhere. This information usually included sanpling
date, station, sanple location, water depth and velocity
above the point sanpled, and comments nade at the tine of
sanpl i ng. Water velocities were generally not taken where
wat er depths were less than 15 cm (6 in) due to limtations

of the velocity nmeter used during this study.

Si eve anal yses were perforned by Northwest Geotechnica

Consultants, Inc. of Portland, Oregon. Textural

conposition of each spawning gravel subsanple (i.e.

stratun) was determined gravinetrically using sieves having
a geonetric progression of eleven nmesh openings from 0.07
to 76.2 mm (0.002 to 3.0 in). Sedi nent particles |arger

than 76.2 mm (3 in) were screened by sieves having nesh
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openings of 101.6 mm (4 in) and 127 nm (5 in). Resul ts of
t hese anal yses were keypunched onto conputer tape and
transferred to conputer disk at BPA' s conputer center for
cal cul ation of gravel quality parameters and statistica

anal yses.

On exam nation of the particle size distribution of the

chi nook gravel sanples, it was decided that two sets of
gravel quality paraneters would be calculated for each
depth stratum of each sanple. One set of paraneters was
calculated with only sedinment particles less than 101.6 nm
in dianeter considered and the other with 101.6-127 mm
rocks included. The first group of paraneters was based
essentially upon the contribution by weight of all sedinent
particles in each subsanple and provided the basis for

anal yses of gravel quality. The second set of paraneters

was devel oped because nost of the experinmental work on
sal nonid enbryo survival has been done with sedinment

m xtures having no gravel larger than 101.6 mm in dianeter.

The 101.6 nm size limt used by nost researchers mght seem

arbitrary, but sedinent particles larger than this are not

typically found in areas preferred by nost spawning
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sal moni ds (Lotspeich and Everest 1981). However, detail ed
anal yses performed on gravel quality paraneters during this
study account for particles up to 127mm in di anmeter because
these are an inportant conponent of fall chinook spawning

areas in the Deschutes R ver. Since little research has

been done to relate the survival of fall chinook enbryos to
the conposition of coarse gravels which generally surround
themin rivers |like the Deschutes, excluding the 101.6-127

mm fraction of gravel would not have increased our ability
to confidently predict survival rates of fall chinook

enbryos at the stations Sanpl ed.

Quality paraneters calculated for each depth stratum of

each gravel sample included: 1) the percentage by weight of

fine sedinents less than 2.38 mmin dianeter; 2) the
geonmetric nean particle dianeter (dg); 3) the sorting

coefficient (s,); and 4) the E redle Index (Fj).

Ceonetric mean particle dianeter was conputed using the

equation reported by Lotspeich and Everest (1981):

dg = a1¥1 xdaz¥2 x. . dp¥n
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Wher e

dy = geonetric mean particle size

d = m dpoi nt dianmeter of particles retained by a

gi ven si eve

w = decimal fraction by weight of particles

retained by a given sieve

The sorting coefficient (s,) was obtained by taking the
square root of the quotient of the particle size at the
75th percentile rank and that at the 25th percentile rank
(Krunbein and Pettijohn 1938; Lotspeich and Everest 1981).

The F'redle Inaex (F'i) is thought to be the gravel
paranmeter nost closely related to the survival rate of
sal monid enbryos. It accounts for the pore size and

perneability of gravel which control enbryo survival-

to-energence by regul ating water novenent through gravel
interstices. This novenent is critical because it delivers
oxygen to, and renoves netabolic wastes from the area

i medi ately surrounaing salnonid enbryos in the gravel
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Fredl e indices were calculated as the quotient of the

geonetric nmean particle dianmeter and the sorting

coefficient (Lotspeich and Everest 1981):

F.=

The gravel quality paraneters for each conbination of
station and sanpling depth were summarized and exam ned for
patterns which mght indicate the presence of grave
quality problens in the river. The hypothesis that Fredle
i ndi ces of the spawning gravel sanples differed
significantly between study sections and/or stratum depth
was tested by Analysis of Variance (ANOVA). A nested and
crossed statistical design (Wner 1971), with sanpling
station as the nested factor, was used to test for the
significance of these differences. Wthin this nodel
three a priori hypotheses of differences in gravel quality
bet ween specific groupings of the study sections were

tested for statistical significance. The three groupings

of study sections were:

0 Study Section | versus the three study sections bel ow

Shitike Creek (Study Section | has the greatest spawner
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densities and |acks gravel recruitnent).

0 Section IV versus sections Il and 11l (all three
sections have gravel recruitnment, but gravel quality in

Section IV has been reported eslewhere to be quite

| ow. )
0 Section Il versus Section IIl (certain tributaries to
Section Il are reported to contribute substantia

vol umes of fine sedinment to the nmainstem Deschutes).

St eel head Spawni ng Areas

The freeze core nethodol ogy and Fredl e indices generated
for chinook spawning areas were reviewed by Buell &

Associ ates, ODFW and the BPA to deternine likelihood of
devel oping a statistically sensitive data base on the
quality of steel head spawning gravel in the river. A
sensitivity analysis (Lichatowich and Cranmer 1979) was
perforned on Fredle indices calculated by Dr. Fred Everest
(USFS - Corvallis Oregon) for steel head spawni ng gravels
in two Oregon streans to assess their variability. From

the review it was felt that freeze core data should be
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collected at steel heaa spawning areas in the river during
1984. The sensitivity analysis was used to establish a
| evel of effort for substrate sanpling of steel head

spawni ng ar eas.

The spawning gravel in 13 steel head spawni ng areas was
sanpled in July and August 1984 (Table 2; Fig. 10, Appendi x
v, Appendix VI) using the sanme techniques and equi pnent
enpl oyed to sanpl e chinook spawning gravel wth four

excepti ons. These exceptions were:

1) Fifteen depth stratified sanples were taken at
each station

2) Sanpl es were taken from arrays of three sanple
poi nts around each of five survey hubs.

3) The triad of sanpling probes was driven only 30 cm
(12 in) into the riverbed.

4) Each sanple was broken into only three 10 cm thick

depth strata.

Cal cul ations of gravel paraneters were based on gravinetric
anal yses perforned by Northwest Geotechnical Consultants,

Inc. Calculations were made in the sane way as those for
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Table 2. Potential summer steel head spawning areas in
the | ower Deschutes River, Oegon sanpled for gravel
conposition in Sumrer 1984.

Station Nane Nunber Study Section River Mle
Jackson' s 501 | 99.9
Di sney 504 | 98.9
Paxt on 508A | 98.0
Morrison's 5 |l 96.4
Dry Creek 10 Il 94.2
Bel ow Trout Cr. 615 Il 86.7
R m Rock 58A 11 69. 2
Eagle Creek 630 []] 64. 5
Palmer's 73 [11 61.8
Bel ow Trestle 95 |V 41.0
Aney #106 106 Y 28.5
Mack' s Canyon 109B |V 23.9
X-Di ke Siding 113 |V 21.9
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Figure 10. Summer steelhead and resident

trout spawning areas in the |ower Deschutes
River sanpled for gravel conposition in
Summer 1984.

42b



chi nook spawni ng gravel, but only considered gravels |ess
than 101.6 mm (4 in) in diameter because none |arger were
found in the sanpl es. Statistical analyses perforned on
the quality paraneters cal culated for steel head gravel were
the sanme as those applied to the freeze-core data for

chi nook gravel .

SPAWNER USE COF HABI TAT

Chi nook

Hi storical information on the distribution of chinook
spawni ng activity in the |ower Deschutes was obtained from
files at the OOFW district office in The Dalles, O egon
Redd count data collected during and since the OSGC
basel i ne study were then exam ned for patterns which m ght
be related to the response of spawners to any changes in
spawni ng gravel quantity, quality, and distribution. An
effort was made to correl ate changes in spawner
distribution to possible habitat changes related to
operation of the PGE hydroelectric conplex and to the 1964

f1 ood. Present patterns of fall chinook use of spawning
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habitat in the Deschutes were checked to see if they
correlated with gravel quality neasurenents obtained in

each of the four study sections.

It was hoped that the l|ocations of chinook redds in the
Deschutes could be nmapped on air photo overl ays. Thi s

m ght have indicated whether certain portions of spawning
areas once preferred by spawners are no |onger used.
Efforts were nade by Buell & Associates, ODFW and PGE in
| ate Cctober and Novenber, 1984 to survey chinook redds
froma PCE helicopter. However, river and weat her
conditions during that time period prevented a successfu

survey.

St eel head/ Tr out

Much information on the aistribution of steelhead and
resident trout spawning activity in the Deschutes was

collected during the OSGC study. However, little

historical information could be found on trout spawner

distribution either before 1961 or after 1966. To
aeterm ne whether trout myht be responding to changes in

the quantity, quality, and distribution of spawning grave
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in the river it was therefore necessary to deternine the
present distribution of trout spawning activity in the

| ower Deschut es.

Trout redds in the |ower Deschutes were surveyed as soon as
river conditions woula allow in 1984. Turbid streanfl ows
del ayed the start of the survey until after nearly all

steel head and many resident trout had spawned (Ji m New on,
ODFW The Dalles, Oegon, pers. comm). For this reason
and because steel head and large trout redds are often

i ndi stinguishable in the Deschutes, the counts reflect a
conbi nati on of summer steel head and sone resident trout

spawni ng activity.

St eel head and resident rainbow trout redds in the Deschutes
bet ween Pelton Reregul ation Dam and the Colunbia River were
counted from 31 May to 13 Septenber 1984. Redds were
identified by contour and of ten by color or gravel
"brightness”". Trout redds can be identified by contour in
the Deschutes for nmany nonths after excavation provided
that they are not disturbed by scouring flows (Aney et al.
1967). Wien redds were found they were counted and

recorded along with their | ocation. Sonme spawni ng areas
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were so heavily used by resident trout that individua
redds were indistinct because of superinposition. No
attenpt was nade to approxi mate the nunber of redds in

these intensely used areas. The location of these grave

bars was recorded along with the notation "nmass-spawned".
Redd counts and the l|locations of gravel bars used by
spawners were tabulated after the conpletion of the redd

survey.

The results of the trout redd counts were exam ned to see
how st eel head and resident trout in the Deschutes are
responding to the spawning habitat available to them
Conpari sons were maae between the current spawning
distribution for trout and that docunmented during the OSGC
study in an attenpt to identify trends which mght reflect
changes in spawning habitat since conpletion of the

hydr oconpl ex.

STREAMFLOW

Avail able flow records for the |ower Deschutes River and

its tributaries were exanmined to identify possible causes
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of changes in the river since the Pelton/Round Butte hydro-
conpl ex was conpl et ed. H storical records of nean daily
flows for U S. GCeological Survey (USGS) stream gages

mai ntai ned on the mai nstem Deschutes near the upper (Pelton

gage, RM 100.1) and lower (Mody gage, RM 1.3) ends of the
study area were examined to detine recent changes in flow
regi mes. Streanfl ow data for USGS gages on Shitike Creek,
Warm Springs River and Wiite River exam ned for changes
correlated to those of the nmainstem Deschutes. Ef fects of
the conplex on mainstem flows during the 1964 flood were
reconstructed from PGE data on water storage in Round Butte

Reservoir and USGS data for the Pelton and Moay gages.

A nunber of conputerized anal yses of USGS streanfl ow
records were perfornmed by the Water Resources Division of
the USGS in Portland, Oregon. \Were possible, these

anal yses broke the historical flow data into two periods,
one before and one after full operation of the Pelton/Round
Butte conplex. The pre-conplex period included data from
wat er years 1925 through 1963. Fl ow records for earlier
years were excluded because this was the |ongest comon
pre-conpl ex period possible for the USGS gage at Pelton.

Data for water years 1964 and 1965 were not included
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because flows duriny portions of each of those years were
hela atypically low in the mainstem Deschutes while Round
butte Reservoir was first fillea. The post-conplex period

included flow data for water years 1966 through 1983

O the three USGS gages |ocated on Deschutes tributaries
near their nmouths, only that on Wiite River has a period of
record extending back into the pre-conplex perioa.

Conti nuous records for the Shitike Creek and Warm Springs
Ri ver gages go back no farther than water year 1971.
Consequently, no pre-conplex exami nations could be made of
their flow regines. The "post-conpl ex" periods of record
for the Shitike Creek and Warm Springs River gages differ
fromthose for Wite R ver, Mody, and Pelton, but provided
records used to determ ne whether data for Wite River are
typical for Deschutes tributaries entering the lower river
fromthe west. There is unfortunately very little flow
data available for the |ower reaches of streans which enter

the | ower Deschutes from the east.

Results of the conputerized flow anal yses were used to
generate curves showi ng both annual and seasonal (nonthly)

changes in flow regi nes experienced at the Pelton, Mbody,

48



and Wiite River gage sites since conpletion of the hydro
conpl ex. Shifts in flow timng and nmagnitude for the two
mai nst em gages were conpared to each other and to those for
the White River gage. The conparison between mainstem
flows and those in tributaries was nmade to test the

hypot hesis that flow changes bel ow Pelton Reregul ati on Dam
are being caused by the Pelton/Round Butte hydroconpl ex.

In this conparison, the flow records for the Wite kiver

gage served as a control.

Shifts of peak flow timng in the mainstem Deschutes could
af fect spawni ng gravel by reducing the synchrony of
sedinent delivery fromtributaries and mai nstem fl ushing
flows. For this reason, PGEs inflow outflow records for
the Pelton/Round Butte conplex were exam ned to determn ne
how frequently and to what degree operation of the conplex

causes short term shifts in peak flow tim ng.

OSGC REVI EW

Two bi ol ogi sts who worked on the OSGC baseline study

participated in a three day survey of the study area with
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Buel | & Associates staff. These individuals, hr. Wrren
Aney (ODFW Region IV Director) and M. Al Lichens (CDFW
retired), provided valuable information on observable
changes whi ch have taken place on the river since
conpletion of the Pelton/Round Butte conplex. They also
provi ded confirmation of our ability to "match" their
perneability sanpling stations and valuable insights as to
what the Deschutes River was like in the 1960's. Resul ts
of the three day survey are covered primarily in the Gave
Bar Inventory portion of the Results and Di scussion section

of this report.

ENHANCEMENT  OPPCRTUNI Tl ES

A nunber of opportunities for enhancing or rehabilitating
spawni ng gravel in the |ower Deschutes were devel oped

t hrough an exam nation of the results of habitat

i mprovement work which has been done on other streans.
This exam nation was based on two primary sources of
information. Literature on the relative successes or

failures of spawning habitat inprovenent work was revi ewed
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in an effort to determ ne which established enhancenent

techni ques m ght prove effective on a river as large as the

| ower Deschut es. Additional informati on on enhancenent
t echni ques was obtai ned through discussions with fish

bi ol ogists in the Pacific Northwest and western Canada who

have perforned stream inprovenment work.
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RESULTS AND DI SCUSSI ON

GRAVEL BAR | NVENTORY

Defining the quantity and distribution of spawning gravel
in the Deschutes is difficult. A substantial portion of
the spawning gravel present is situated in water too deep
to allow careful exam nation. In fact, certain deposits of
spawni ng gravel in the river were identified during this
study only because of the presence of large fall chinook
redds which could be seen during aerial counts. Although
nost of these deposits in deep water consist of |arge
gravels, some of them are suitable for steelhead and
resident trout wuse. Trout are known to spawn in the river
at depths as great as 15 feet (M Mntgonery, ODFW

Portland, Oregon, pers. comm).
The gravel deposits in deep areas of the |ower Deschutes

make an exact delineation of all spawning habitat in the

river inpossible. The results given here represent a best
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effort at identifying the distribution of gravel suitable
for use by salnmonids in the Deschutes. There are probably
a few deposits of spawning gravel in the river which were

not identified during this study.

Over 213,500 square yards (sq yd) of spawning gravel were
| ocated and mapped during this study. Because of extrene
conpaction, sedinentation or arnoring nearly 20,200 sq yd
of this total were classified as poor and unsuitable for
spawni ng. The remaining 193,300 sq yd of gravel can be
used by spawning sal non or trout when water depths and
velocities neet the requirements of the species. G avel
bar maps showi ng the l|ocation, position in the channel
size, and shape of each gravel bar identified are given in
Appendi x |. Specific information on the surface area,
usability, surface gravel quality and surface grave

conposi tion of each bar can be found in Appendix VII

Table 3 presents the surface area of gravel in each size
and quality class found within each study section. In
terms of size, steelhead and resident trout in the

Deschutes generally spawn in areas having surface grave
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Tabl e 3.

Square yards of spawning gravel

suitabl e

(excellent, good, fair) and unsuitable (poor) for salnonid
use in the |lower Deschutes River, Oegon, 1983-84.
Si ze Class@
St udy Quality I II 111 IV I-1V
Section ( ass (1/4-1") (1-3") (3-6") (6-10") (1/4-10")
I Excel | ent 0 42 1812 935 2789
Good 240 2410 11514 5591 19755
Fai r 186 653 2320 2814 5973
Sui t abl e 426 3105 15646 9340 28517
Poor 0 0 0 0 0
I Excel | ent 386 203 654 85 1328
Good 1061 7624 15766 9331 33782
Fair 580 780 15611 8158 25129
Sui t abl e 2027 8607 32031 17574 61338
Poor 51 144 1001 1064 2260
L1 Excel | ent 22 153 0 0 175
Good 575 1656 7036 3140 12407
Fair 1426 5415 11349 4045 22235
Sui t abl e 2023 7024 18385 7185 34817
Poor 346 4801 2/3 100 5881
IV Excel | ent 0 0 0 0 0
Good 0 205 20104 12236 32545
Fair 297 1669 20605 14634 37205
Sui t abl e 297 1874 40709 26870 69750
Poor 903 6428 3521 1192 12044
ALL Sui t abl e 4773 20810 106771 60969 193323
Poor 1300 11373 5095 2416 20184

a predom nant

size range of surface grave
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predom nated by naterials between |1/4 and 3 inches in
dianeter (6.4-76.2 mm size classes | and Il ). Chinook
prefer spawning areas with coarser surface gravels

dom nated by particles between 3 and 10 inches in dianeter

(76.2-254 mm size classes Il and 1V).

Al though only qualitative, the classifications of surface
gravel quality in each of the four study sections show sone
i nportant trends. Based on visual appearance, the quality
of spawning gravels for trout (classes | and 11) was higher
at the upper end of the study area than at the |ower end.
In fact, nost of the class | and class Il gravels found

bel ow White River in Section IV were unsuitable for spawner
use because of conpaction or heavy sedinentation. The
apparent quality of spawning gravels for fall chinook
(classes Il and IV) was generally highest in Section I
where nmuch of the gravel has been heaped into pronounced
dunes by spawning fish. The quality of chinook gravels,
like that of trout gravels, appears to decline in a

downstream direction
The apparent quality of class IlIl and class IV gravels

below White River is not as |low as that of the finer

gravels there. This difference is at l|least partially due to
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i ntense spawning activity by fall chinook which has
substantially nodified the riverbed in a few | arge spawning
areas within the Section. Fall chinook in the Deschutes
may be nore able to tolerate conpaction of their spawning
gravel s than are steel head and resident trout. W suspect
that fall chinook in the river tend to inprove low quality
spawni ng areas or nmaintain the high quality of good ones

t hrough persistent spawning activity.

There is considerably nore spawning gravel for fall chinook
in the mainstem Deschutes than for steel head and resident
trout. Approxi mately 87 percent (167,589 sq yd) of the
suitable gravel l|ocated during this study was of the size

preferred by fall chinook. Only about 13 percent of the

gravel suitable for spawning (25,556 sq yd) fell into size
classes | or Il, those preferred by resident trout and
st eel head.

Based on results of the spawni ng gravel inventory, there is
nore gr avel suitable for spawning salnonids in sections IV
(69,750 sq yd) and Il (60,061 sq yd) than in sections Il
(34,817 sq yd) or | (28,517 sqg yd). Sections Il (10,607 sq
yd) and 111 (9,247 sq yd) have substantially nore grave
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suitable for trout spawning than either Section I (3531 sq
yd) or Section IV (2173 sq yd). Study Section IV has
considerably |l ess trout spawning gravel than any of the
other three study sections in spite of being the |argest
Section in the study area. In contrast, the total area of
chi nook spawning gravel is greatest in Section IV (67,579
sq yd), slightly lower in Section Il (49,454 sq yd), and
considerably lower in study sections | (24,986 sq yd) and
11 (25,570 sq yd).

The surface areas of suitable gravel given in Table 3
provide a rough indication of how spawning gravel is
distributed in the Deschutes. However, the lengths of the
four study sections differ enough that the surface areas
given do not indicate the quantity of gravel suitable for
spawning in a typical reach within each study section. The
area of suitable gravel of each size class in an average
reach within each Study Section is depicted graphically in

Figure 11.
Figure 11 shows that there is nore spawning gravel for both

fall chinook and trout per river mle in Section I, than

in any of the other three study sections. This corresponds
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wth the fact that the 3.3 mles of the |ower Deschutes
above Shitike Creek has |ong been considered the best reach
for salmonid spawning in the entire study area (Janes

Newt on, ODFW The Dalles, Oegon, pers. comm). St udy
Sections below Shitike Creek show a relatively steady
decrease in the average quantity of trout spawning grave

per river mle with increasing proximty to the river

nout h.

This declining trend apparently does not hold true for

chi nook spawning gravel. Although the average reach in
Section 11l contains |ess suitable spawning gravel for fal
chinook than that in Section Il, the average reach in
Section 1V contains nore chinook spawning gravel than that
in Section Ill. This result was sonmewhat unexpected
because both the quality and quantity of spawning gravel in
Study Section IV have |ong been thought to be low W
attribute this discrepancy to the fact that nobst spawning
gravel in Section IV is found within a few | arge spawni ng

areas, with many |l ong reaches conpletely |acking suitable

sSpawni ng sites.

The uneven distribution of spawning gravel in the Deschutes

57



bel ow White River is not unique to that section of the
river. Figure 12 gives the distribution of chinook and
trout spawning gravel in the |ower Deschutes R ver by one
m | e reaches. Gravel suitable for trout spawning is nost
abundant imedi ately below Pelton Reregulation Dam in
Section I, and in relatively protected areas bel ow
tributaries which contribute finer gravels to the

mai nst em Most trout spawning gravel in the river was
associated wth islands, side channels and areas along the
river margin protected from scouring by high flows. The

| argest deposits of class | and Il gravels outside of
Section | are found below Shitike (RM 96.8), Dry (RM 94.3),
Trout (RM 87.2) and Eagle (RM 64.5) creeks. In fact, one
mle reaches of the river at Dry Creek (RM 94-95) and bel ow
Eagle Creek (RM 61-62) each account for approximately 12
percent of all the trout spawning gravel |ocated during
this study. bel ow Nena Creek (RM 57.8) in Section IIl and
t hroughout Section |1V there are few deposits of trout

spawni ng gravel in the mainstem Deschutes.

The greatest accunul ati ons of spawning gravel suited for

fall chinook use are in broad depositional reaches of the

Deschutes River, where flow is relatively uniform This

type of area occurs at Annie Dick (RM 85.4) in Section I
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and at Gert Canyon (RM 33.0) in Section |IV. Each accounts
for over a fourth of the chinook spawning gravel in their

respective study sections.

Sonme deep water spawning areas available to chinook may not

have been identified during this study. Uncat al oged

deposits of chinook spawning gravel would nost |ikely be

present in sections IIl or |V

Conpari son to OSGC Study

During their baseline study, the OSGC docunented the status
of spawning habitat for salmonids in the |ower Deschutes
River. Wen this study began in 1983, it was unclear

preci sely how the OSGC had docunented the quantity and

di stribution of spawning gravel in the river during the
1960’ s. For this reason, Buell & Associates drew

concl usions regarding the OSGC s nethods and rational es
based upon discussions with nmenbers of the original OSGC
study team and a limted anount of background materi al
which was available at that tinme. Unfortunately, a few of
t hese conclusions, which wll be described later, were

entirely correct.
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After devel oping an approach to collecting data which could
be conpared to historical baseline data on the quantity and
di stribution of spawning gravel in the Deschutes, a ngjor
effort was undertaken to relocate historical data.
Throughout this study, it was thought that all inportant
OSCC data woul d be | ocat ed. However, the effort to find

hi storical OSGC data continued for the duration of this
study and nmet with only partial success. | mportant OSGC

i nformation which m ght have given valuable insights into
how the quantity and distribution of spawning gravel in the

river have changed over tinme was never | ocated.

Section |

Because the OSGC baseline estimate of the anmount of
spawni ng gravel present in Section | was based on air photo
interpretations, it is conparable to present estimates of
the area of suitable spawning gravel in the sane reach.
Based on the results of our gravel inventory, there are
approxi mately 28,500 sgq yd of gravel suitable for sal non
and trout spawning in Study Section I.' This figure is
about 26 percent less than the 38,700 sq yd of suitable
spawni ng gravel identified by the OSGC (Aney et al.,

1967) . Since the OSCC estimate was nmade after the 1964
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flood, it seens apparent that Section | has been a net

exporter of spawning gravel since the OSGC Study.

The fact that there appears to have been a reduction in the
surface area of suitable spawning gravel in Section | is
not surprising. Gavel recruitnent problens often lead to
| osses of spawning gravel imediately bel ow dans. The

Pel t on/ Round Butte hydroconpl ex has stopped the mgration
of gravel originating from the Deschutes drai nage above

Pel ton Reregul ati on Dam down the | ower nainstem Deschutes
Peak flows discharged from the conplex can nove grave

bel ow the Reregul ati on Dam downstream but the PGE dans

prevent natural replacenment of this gravel from upstream

sour ces.

Erosion of islands in Section | over the last 20 years has
partially offset |osses of gravel caused by peak flows and
a lack of natural gravel recruitnment from areas farther
upstream (Figure 13 & 14). Di scussions with nenbers of the
original OSGC study team and an exam nation of aeria

phot ographs indicates that the islands in Section | are
getting snaller. However, 1ocalized gravel recruitnent
fromthese islands is not entirely beneficial. The islands

are a non-renewabl e source of gravel which is being
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Figure 13 ¢& 14 Station 504 (Disney; Section I;
RN 98.9) as it appeared during the md-1960's

(upper photo) and as it appeared

in 9984 (I ower

phot 0) . Note that the head of the island shown

in the photos has been eroded over

6la
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depleted. As the islands in Section |I gradually disappear,
so too will the finer gravels and steel head or resident

trout spawni ng habitat associated with them

Not all of the apparent reduction in spawning gravel area
within Section | has necessarily been due to grave
exportation. Spawni ng gravel also appears to have been
lost to invading or encroaching aquatic and energent
vegetation (see photos in Appendix XIll). The two types of
gravel loss may be related, with a deepening of the thalweg
causi ng reduced velocities along river margins which then

all ow aquatic vegetation to encroach

The difference between present estimates of spawning grave
area for Section | and those reported by the OSGC are

subst anti al . However, changes in gravel bar distribution
in the mainstem Deschutes inmedi ately bel ow the Pelton

Rer egul ati on Dam have not been particularly dramatic. Much
of the apparent reduction in suitable gravel area may
reflect a reduction in average gravel bar area as opposed

to losses of entire spawning areas.

A conparison of recent high resolution aerial photographs

and historical oblique aerial photographs shows that there
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has been little change in the distribution of main channel
gravel bars in the inmmediate vicinity of Pelton

Reregul ation Dam This could indicate that a heavy arnor

| ayer has devel oped on those bars which recent peak flows
have been unable to conpletely renove. However, it does
rai se questions about the magnitude of the scouring forces
bel ow the Reregulation Dam and the resulting tendencies for

changes in gross hydraulic geonetry.

There are no quantitative data from which any concl usions
can be drawn on how the 1964 flood affected the quantity
and distribution of spawning gravel in Study Section |
There was surely a net loss of gravel from the reach during
that event. Menbers of the OSGC study team put the effects
of the flood on Section | into perspective during their
survey of the river in 1984. They noted that spawning
habitat in this reach of the river has changed far nore in
the time since their baseline study than it did during the
1964 flood. (OSGC team nenbers noted that islands in the
reach- have shortened through erosion (Figure 13 & 14),
gravel texture in some areas (particularly in certain side
channel s) has become nuch coarser, side channels have
becone wi der, certain chinook spawning dunes have becone

more pronounced, and that the once heavily used gravel bar
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i medi ately bel ow Pelton Reregulation Damis now rarely

used by spawning fall chinook.

Sections Il, IIl and IV

The OSGC based its estimates of the surface area of
spawni ng gravel present in sections II, IIl and IV on
gravel survey data simlar to those collected during this
study. However, after our field activities were conpleted
we found that the OSGC s baseline estimates of the spawning
gravel area in each of the lower three study sections were
not based on gravel surveys which subsanpled the available

habitat within each of the sections. |Instead their
estimates were calculated as expansions of the spawning
gravel area of a hypothetical "average" Deschutes River
spawni ng bar. The characterisitics of this hypothetical
gravel bar were derived from gravel survey data collected

at a total of 25 gravel bars in 5 one mle reaches of the

river (Appendix IX).

The OSGC' s estimates of spawning gravel area were

extrapol ated from the "average" spawning bar based on the
number of gravel bars thought to be present in each of the

| ower three study sections after the 1964 flood. Thus the
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OSGC s estimates, wupon which our analyses of changes in
spawni ng gravel quantity and distribution were to be based
for sections Il, 11l and IV, are sinply weighted
reflections of the nunbers of suitable gravel bars thought

to be present in these sections.

The OSCGC estinates of the quantity of spawning gravel in
each of the lower three study sections were developed in a
short period of tinme to provide an indication of the

rel ati ve abundance of spawning gravel at the upper end of
the study area. However, the estimates were not intended
to be used as the basis for an analysis of changes in the
quantity and distribution of spawning gravel in the

Deschut es. In fact, estimating the quantity of spawning
gravel present in the Deschutes was not a najor objective
of the baseline study (Warren Aney, ODFW LaG ande,

Oregon, pers. comm).

In checking our conparisons between gravel inventory data

gathered during this study and those of the OSGC study, we
cameto a full understanding of the "average" bar expansion

al gorithm previously described. This understanding raised

serious questions about the accuracy of the OSGC estimates

of the surface areas of spawning gravel present in sections
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1, 111, and IV during the md 1960's. W question the
algorithm used to develop the OSGC estinmates for these
sections for two major reasons. First, it is unlikely that
the hypothetical "average" bar fully accounted for a snal
number of very large gravel deposits in the river. Second,
estimating the relative distribution of spawning grave

based solely on the nunber of gravel bars thought to be

present in each study section did not account for
bet ween-section differences in gravel bar characteristics

which prevailed in the afternmath of the 1964 fl ood.

G avel survey fornms conpleted by the OSGC were not found.
The information on these forns was used by the OSGC to
define the physical characteristics of the "average" bar
and, if found, would have been used to analyze changes in
the quantity and distribution of spawning gravel wthin
sections Il, Ill, and I'V. Finding these conpleted forns
woul d have allowed direct conparisons of current and
baseline conditions in five specific one mle reaches of

the Deschutes and for 25 specific gravel bars.

Wthout the survey data used to generate the OSGC estimates

of spawning gravel area, there were no accurate historical

records to which our results for sections I, IIl and IV
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could be conpared. Qher OSGC field data were found, but
they only gave approxi mate gravel bar dinmensions and were
usual |y based upon visual estimation of bar |egths and bar
widths. The data found were generally not based on direct
neasurenments of spawni ng gravel areas (Warren Aney, CODFW

La Grande, OR, pers. conm).

Gven the nature of the historical data which were found,
two approaches to assessing changes in the abundance and

di stribution of spawning gravel in sections II, IIl, and IV
were devel oped. Neither approach yielded quantitative
results in which nuch confidence could be clained. First,
OSGC estimates made using the "average" bar algorithm and
reported by Aney et al. (1967) were conpared directly to
our results. Second, OSGC field data found during this

study were conpiled and used to the extent possible to

estimate changes which have taken place in these sections

since the m d-1960%

Table 4 shows the results of qualitative conparisons

between our findings and the surface areas of spawning
gravel reported by the OSGC (Aney et al. 1967) to have been

present in sections I, IIl and IV after the 1964 fl ood.
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Table 4. Results of conparisons between estimtes of the
surface areas of spawning gravel present in each of three
study sections of the |ower Deschutes R ver, Oegon, during
the md-1960's (Aney et al. 1967)

and during this study
(1983-84).
Result of Conparison Between
St udy Between Current and Historica
Section

Estimates of Spawning G avel Area

Il (RM83.8 - 96.8) increase in area *

11 (RM46.0 - 83.8) decrease in area *

IV (RM 0.0 - 46.0) increase in area *

* These qualitative results are based upon conpari sons
invol ving some data which nmay not be accurate. The
historical data were collected nmore to indicate the
rel ati ve abundance of spawning gravel in each section

than to docunment absol ute abundance of spawning gravel
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These results are given only to provide perspective for
those interested in know ng how they conpare to the results
of other conparisons to be presented |later. For reasons

al ready stated, confidence in the results of these

conmparisons is not strong.

Avail able OSGC field data on spawning gravel area were
collected primarily during a few spawning ground surveys
made on the Deschutes between 1961 and 1966. The data
consi st of locations, estimted surface areas and
approxi mate gravel sizes for each deposit of spawning
gravel seen by the OSGC during these surveys.
Unfortunately, not all of these data were recorded in a
simlar manner. Therefore, initial interpretations of
these data were-discussed with nmenbers of the OSGC study
team Results of these discussions indicated that our
initial interpretations of the historical data could be

i mproved upon by taking three factors into account.

Interpretations of OSGC field data were changed to account

for the follow ng factors:
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Many of the OSCGC field data gave maxi mum rather that
mean gravel bar dinensions (Warren Aney, ODFW

LaG ande, Oregon, pers. comm). To account for this,
an enpirically derived constant (0.82) based on OSGC
field measurements (fromp. 1-43 in Aney et al., 1967)
was applied to the product of each appropriate spawning
bar's maxinmum length and wdth to estimate its surface

ar ea.

In a few cases there were replicate records for the
sanme spawni ng bar for the same tine period. In those
instances, the smaller of the two surface areas
recorded for the bar was assuned to bea portion of the
| arger area unless OSGC field data specifically noted

ot herw se.

The OSGC field data were nunerical but were collected

with the ultimate intent of nmaking a qualitative
determnation of how spawning gravel was distributed in

the river (Warren Aney, CDOFW La Ga'nde, OR pers.
com) .
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Gven |limtations of the OSGC field data for sections ||
[11 and IV, it was apparent that certain conparisons which
could be nade using them were nmore likely to be dependable
than others. Conparisons within the OSGC data thensel ves
shoul d be nore dependabl e than conparisons with other data
(e.g data collected during this study) because the OSGC
data were all collected by the same individuals. Trends
suggested by differences between the OSGC field data and
data collected during this study could come froma variety
of sources other than real changes in river conditions.

Bet ween-study differences suggested by conparisons of our
results to conpilations of the OSGC field data cannot be
clained to reflect definite quantitative changes in the

surface area of spawning gravel in the [ower three study

sections.

Table 5 contrasts our results with a conpilation of OSGC
field data on sections II, IIl and IV which were collected
bot h-before and after the 1964 flood. Al values presented
in the table are for the area of gravel suitable for
spawni ng Wi thout regard to streanflow conditions over the

gravel. The gravel classification systenms used by the OSCC
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Table 5. Estimates of the surface area (in square yards) of
gravel suitable for use by sEgmn|ng salnonids in three
study sections of the |ower schutes River, based upon
field data collected by the GSGC in the md-1960's and
upon the spawning gravel inventory conducted by Buell

& Associates in 1983 and 1984.

OSCC Fi el d pata?

Before Arter
Study  Gavel 1964 flood 1964 flood
Section Cass (1961- 64) (1965) (1983-84)
| -1V (1/4-10") 130, 000 80, 000 61, 340
11 [-1V (1/4-10") 122, 000 86, 000 34, 817
IV 1-1V (1/4-10") 153, 000b --bc 69, 750
a OSCC estimates of suitable area were often based
upon vi sual approximations of surface area.
b I nconpl ete coverage of Study Section IV
c A cursory inventory of spawning gravel in Section

'V conducted soon after the flood indicated that
the surface area of spawning gravel may have been
reduced by as nuch as 80% during the flood.
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were often not the same as that used during this study,
preventing a determnation of the area of gravel suitable

for use by chinook or by steel head.

The OSGC figures given in Table 5 suggest that there was a
substantial reduction in the surface area of usable
spawni ng gravel (classes I-1V) within sections Il and |11
as a result of the 1964 flood. Although the information
available for flood-related changes in the quantity of
spawning gravel in Section IVis very limted, it is known
that the area of usable gravel below Wite R ver also

declined dramatically during the flood.

During the 1964 flood there was a prodigious vol une of
gravel and fine sedinment contributed to the Deschutes by
three major tributaries in Section Il: Shitike Creek , Dry
Creek and Trout Creek (Aney et al., 1967). This materia
was deposited in many |ocations in Section 11, degrading
spawni ng habitat and altering the contours of a nunber of
gravel bars used by spawning fish prior to the flood (A

Li chens, ODFWretired, Estacada, O egon, pers. conm).

The 1964 flood also had a dramatic effect on the Deschutes

bel ow the Warm Springs River in sections IlIl and IV. There
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are signs of danage done by the flood in these sections
that can still be observed. The 1964 flood conpletely
renoved sone spawning bars in the river and dramatically
altered the contours and conposition of others (Aney et
al., 1967). In nunerous instances gravel once suitable for
spawni ng was replaced by heavy deposits of unsorted bed
materials (Warren Aney, CDFW La Gande, Oegon, pers.
coom). Many of the gravel bars in these two sections
today are conposed of large, poorly sorted materials which
cannot be used by spawning fish. It is unclear just how
many of these bars have this characteristic because of
persisting effects of the 1964 flood as opposed to being

caused by prevailing hydraulic conditions.

The figures in Table 5 suggest that spawning areas in
sections Il and Il have not only failed to recover from
the 1964 flood, but have continued to decline in area since
that event. However, given the possible inaccuracy of the
historical data, the apparent post-flood declines in

spawning area could partially be artifacts of our

anal yses. The surface areas presented indicate smaller

changes for Section Il than for Section Ill, in spite of

the greater proximty of Section Il to the PCE
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hydroel ectric conplex. In addition, the suggested declines
conflict with statenents nade by nenbers of the OSGC study
teemin 1984 to the effect that nmany areas within these
sections appear to have recovered somewhat from devastation
suffered in 1964. Part of the apparent differences m ght
be attributable to an ability on the part of the OSGC to
identify spawning areas in deep water which were not
visible under the relatively high flow conditions which

prevailed during this study.

Information presented in Table 5 gives no indication of how
spawni ng habitat in Study Section IV has responded to river
conditions prevailing since the conpletion of the baseline
study. However, the OSGC apparently found al nmost tw ce as
much suitable spawning gravel in Section IV before the 1964
flood as was found there during this study. A difference of
this nmagnitude woul d probably not result from possible

I naccuracies in the historical data. This suggests that
either we failed to catalog a large quantity of spawning
gravel identified by the OSGC during their surveys of
Section IV, or that a substantial |oss of spawning grave
occurred there either during or in the years follow ng the

1964 flood. The best explanation for the difference is a
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dramatic reduction in the area of spawning habitat within

Section IV caused by the 1964 fl ood.

ODFW bi ol ogi sts who assisted us during this study were able
to help identify many deposts of spawning gravel in deep
water but nmay have been unfamliar with other existing
deposits because they had not surveyed the entire river
fromthe air as OSGC biologists did during the origina
baseline study. Aerial overflights of an approximately 15
mle reach of Study Section IV in the Fall 1984 indicated
that there were a few spawni ng areas which neither Buell &
Associ ates nor the CDFW had identified previously.

However, it is doubtful that the presence of unmapped deep
deposits of spawning gravel could fully account for
apparent historical reductions of spawning gravel wthin
Section IV, or even within Section Ill. The differences
between our data and the OSGC field data for these two

sections are too large for this to be the case.

Field data summarized in Table 5 were also conpared to our
results both on a sub-reach and on an individual bar basis
(see Appendix X). The quantitative results of these

conparisons could be very msleading due to the nature of
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the historical data base and will therefore not be

descri bed here. Although only subjective and possibly
incorrect, the qualitative results of these conparisons
suggest that in addition to previously identified changes

in the quantity or distribution of spawning gravel:

0 The 1964 flood may have had a particularly damagi ng
effect on spawning habitat in the Deschutes River

between Trout Creek and the Warm Springs R ver.

0 There may have been a considerable increase in the
anount of spawning habitat in the Deschutes River

between Warm Springs River and Witehorse Rapids.

0 The rate at which the Warm Springs River delivers
gravel to the mainstem Deschutes may have been reduced
as a consequence of the 1964 flood. This possibility
I's supported by observations that the channel of the
Warm Springs River is heavily arnored near its
confluence with the Deschutes River and shows little
evidence of gravel transport. |In addition, gravel
deposits in the Deschutes River inmmediately downstream

of the Warm Springs River are conposed of strikingly
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angul ar rock material. \Wether the Warm Springs River
historically transported |large volumes of gravel to the

Deschutes is unclear at the present tine.

o Adrop in gravel delivery rate simlar to that

hypot hesi zed for the Warm Springs River may have taken
place in Trout Creek. Trout Creek was channelized
along nuch of its length by the U S. Arny Corps of
Engineers in the afternmath of the 1964 flood. However,
data on spawning gravel in areas below Trout Creek are
not nearly as suggestive of a changed rate of gravel
delivery as those for areas below the Warm Springs

Ri ver are.

Encroachi ng Vegetation

There is presently a substantial anmount of aquatic and
energent vegetation growing at many locations in the |ower
Deschutes River. This vegetative growh is nost preval ent
at the upper end of the study area, particularly in
sections | and Il. It is less frequently found in the

Deschutes downstream of Wite River (Section IV). Al though

it was initially thought that the vegetation was growing in
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response to regulated streanflows, increased nutrient
| oadi ng of the river, or decreased spring-tinme turbidity
caused by a settling of fine sedinent in Round Butte

Reservoir, this may not be the case.

The Deschutes River has historically had notable grow hs of
emergent and aquatic vegetation. Menbers of the OSGC study
team noted during their tour of the river in 1984 that
there did not appear to be much nore vegetation in the
river then than there was at the time of their baseline
study. However, their observations were conplicated by a
possi bl e renoval of vegetation from the streambed by
relatively high flows experienced from water year 1982

through water year 1984.

E rom the discussion above it is apparent that the nagnitude
of recent changes in the amount of vegetation growing in
the Deschutes River is unclear. W believe that there is
nmore vegetation encroaching upon gravel bars in the river
now t han before construction of the Pelton/ Round Butte

hydroel ectric conplex. This belief is based upon
di scussions with long-time residents of the Deschutes Basin

and personal observations made on the abundance and

distribution of encroaching vegetation in the Deschutes.
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We are unaware of any historical data which could confirm

or disprove this belief.

Spawni ng Dunes

Early in this study it was noted that portions of the
riverbed in many major fall chinook spawning areas in the
Deschutes River are characterized by parallel bands of

el evated gravel oriented approximately perpendicular to
streanflow. These bands or "dunes" of spawning gravel were
usual 'y found in spawning areas which would have had fairly
uni form hydraulic conditions without their presence. Dunes
were generally found near the river margin or in
association with islands, but were also present on sone

m d- channel gravel bars which were well used by spawning

fall chinook.

The wave form of spawning dunes in the Deschutes River
ranges fromtwo to eight feet in anplitude and 20 to 60
feet in periodicity. Two to five dunes typically occur in
series wthin a particular spawning area, although a few
series containing nore parallel bands of spawning grave

than this were found in the river. Because these spawni ng
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dunes are an inportant feature of nmany prinme spawni ng areas
for fall chinook in the Deschutes, the value or
inplications of their presence in these areas was

i nvesti gat ed. This results of this investigation indicate
that these structures are usually a desirable conponent of

prime spawning areas for sal nonids.

Dunes are constructed by salnonids, typically fall chinook
sal non, spawning in close proximty to one another year
after year. Thi s phenonenon, although not w dely reported,
has been observed in many rivers in the Pacific Northwest,
northern California, British Colunbia and Al aska. Chi nook
sal non construct and maintain persistent dunes in the
Sacranmento River near Redding, California ( K Buer,
California Dept. Water Resources, Red Bluff, CA , pers.
coom) , and at Aleck Riffle on the Feather R ver,
California (K Buer, pers. comm; D. Painter, Cal. Dept.
Fish and Ganme, Ooville, CA pers. conm). Dunes in these
systens have anplitudes of 2-5 ft and a periodicity of

20-50 ft.

Figure 15 is a photograph of dunes extending across the

entire river channel of the Feather R ver, California at
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Figure 15. Chi nook spawning dunes at Al eck
Riffle, Feather River, California (photo from
Buell & Associates files).
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the Aleck Riffle taken in 1984. Spawni ng dunes built by
chi nook appear in the Wnatchee R ver near Leavenworth,
Washi ngton (Janes Millan, USFW5, Leavenworth, WA pers.
coom). Wlliam Platts (USDA Forest Service, Boise, |D,
pers. comm) reports that |arge dunes once extended all the
way across the Snake River, ldaho in certain areas, but
have di sappeared, probably as a result of depressed chi nook

runs.

Figure 16 shows a long series of chinook spawni ng dunes in

the Morice R ver below Mrice Lake, northern British
Colunbia, taken in April 1977. Simlar areas exist in
other rivers in the Fraser R ver systemin British
Colunbia, including the Chilko River below Chil ko Lake
(near Lingfield Creek) and the Nechako River (D. Bustard,
BCF&W Victoria, BC, pers. conm; B. Tutty, DFO, Nanai no,
BC, pers. comm). In Al aska, bot h chi nook and sockeye
sal non construct persistent spawning dunes (D. ParKkinson,

Par ki nson & Assoc., Arcata, CA, pers. comm).
Spawni ng dunes are found nbst commonly in regulated rivers

or in rivers dowstream of large |akes. There are two

apparent reasons for this. First, the hydrol ogy of nost
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Figure 16. Ext ensi ve chinook spawning dunes in
the Mdrrice R ver below Mrice Lake, northern
British Colunmbia, April 1977 (source: GD. Taylor,
Fish and WIdlife Branch, Mnistry of Environnent,
Victori a, BO) ,
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regul ated rivers and those below large natural [akes
typically lacks pronounced peak flows which would tend to
renmove dune crests and fill-in troughs each year. Second,
regul ated rivers and those immediately below |arge |akes
typically have Iimted bedl oad recruitnent of gravels which
woul d tend to physically prevent the progressive build-up

of spawni ng dunes.

The physical characteristics of nobst spawning dunes nake
themdesirabl e features of salnonid spawni ng areas. Unl ess
t hey become too pronounced or too coarse, these structures
can afford fish excellent conditions for redd digging and
egg survival. The head differential fromcrest to crest
may increase downwel ling of water through the gravel to a
greater degree-than a single redd would. Hydaulics for
redd digging and egg deposition are inproved adjacent to an
existing redd or at the end of a spawning dune, causing
initial dune formation and the |engthening of these

structures over tinme.
Fish use the leading (upstrean) edges of the dune crests

for spawning, finding resting or holding conditions

favorable in the troughs. This causes individual dunes to
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"mgrate" downstreamin a particular area over time. Qder
dune series can devel op undesirable contours and be
abandoned by spawners if fresh bedload is not delivered to
the series periodically. Spawning materials can eventually
becone too coarse and the dunes too pronounced for the fish
to use them A simlar phenonmenon has been observed in the
Feather R ver, California, where the devel opment of

undesi rabl e dune contours led to the abandonment of a
particularly | arge spawni ng dune bel ow Oroville Dam (D

Pai nter, pers. conm).

Spawni ng dunes are generally associated with areas heavily
used or once heavily used by spawners. However, they do
not necessarily indicate that redd superinposition is
occuring. On the contrary, they in sone cases may indicate
optimum utilization of available spawning habitat. For
exanpl e, dune structures in the Feather River, California
below Ooville Dam | ose their characteristic appearance
when spawner densities exceed the capacity of spawning

areas there (D. Painter, pers. comm.)

Al though not strictly within the scope of this study,

riverbed contours and substrate characteristics were
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docurmented for two prine spawning areas in Section | which
contain spawning dunes. Measurenents of water depth and
substrate particle size were taken along transects parallel
to water flow (perpendicular to the long axis of dunes) at
"Disney" (RM 98.9) and at "Valve" (RM99.6). This was done
to document dune characteristics in this portion of the
river in the event that certain measures to enhance these
or simlar structures are undertaken (see Conclusions and

Recommendations section of this report).

Transverse profiles of spawning dunes at "Disney" and at

"Valve" are presented in Figures 17 and 18 respectively for
individuals unfamliar with their physical appearance.
Regul ar changes in substrate particle size along the
transects are displayed graphically in the figure by rows

of closed circles along the bottom of each profile.
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GRAVEL QUALITY - PERMVEABILITY

The conpaction, arnoring or coarse subsurface strata of
many spawning bars sanpled during this study made it
difficult to drive standpipes into the riverbed. In a
number of instances the angle at which the standpipe
penetrated the gravel bar changed repeatedly as it was
driven into the gravel. This was due to deflection of the
standpi pe by large subsurface bed materials. In fact, it
was sonetimes felt that the disturbance caused by driving
st andpi pes into conpacted or poorly sorted bed materials
led to high permeability readings which were not reflective

of subgravel conditions prior to standpi pe penetration

Chi nook redds and redd digging activities were often
observed in the sanme areas from which the perneability
measurenents were taken. Female fall chinook sal mon were
frequently observed excavating redds in.areas with
relatively high water velocities, apparently taking
advant age of greater hydraulic forces as an assist in'

spawni ng in conpacted gravels.
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Drawing firm conclusions from the perneability readings
taken during this study was difficult. The perneability
data collected are highly variable and were sonetinmes

i nfluenced by standpipe disturbance of the riverbed. For
this reason the pernmeability readings should be |ooked upon
only as relative indices of gravel quality and not as

i ndicators of survival rates for salnmon and trout enbryos.

Results of the perneability sanpling, including back
transformed nmean gravel perneabilities with 95% confidence
limts for each sanpling station and Study Section are
summari zed in Table 6. Individual perneability readings
and specific information on the location and physical
characteristics of each point sanpled at the 23 stations

are given in Appendix Xl

(bserved gravel perneabilities were generally highest at
the stations sanpled in Section | (nean=1470 cm hr; n=I Q0
and | owest at those in Section |V (mean=318 cmhr; n=120).
However, it should be noted that some of the nost perneable
gravel sanpled during this study was found in heavily used

chi nook spawning areas within Section IV (i.e. stations 102

85



Table 6. Back-transforned nean gravel perneabilities
(cmhr) with 95% confidence Ilimts for areas in the | ower
Deschutes River, Oregon sanpled with a Mark VI groundwater
st andpi pe (Terhune 1958) in Fall 1983.

St udy Sta-  Sanmple Perneabiltity 95% Confidence Limts

Section tion Size cnd hr) Lower Upper
| 501 20 1565. 5 961.9 2547. 6
502 20 1874. 6 1140. 3 3081.5

504 20 968. 3 523.0 1792. 3

507A 20 1660. 4 999. 6 2757. 4

508A 20 1427.1 827.0 2462. 2

ALL 100 1465. 4 1169. 2 1836. 8

N [1-5 20 1882.9 1528. 4 2319.6
10 20 118.9 72.0 196.0

10A 20 254.7 137.3 471.7

11 20 1563. 6 1166. 8 2095. 2

19 20 219.7 60. 7 787.9

ALL 100 457.1 317.3 658. 4

[l 47 20 977.9 460.9 2073.9
56 20 490. 4 345.2 696. 4

58A 20 801.5 463. 8 1384.5

58B 20 495. 6 184.0 1332.1

58C 20 1358. 4 747.8 2466. 8

62 20 181.5 103.1 319.0

92 20 1668. 0 1106.0 2515. 4

ALL 140 696. 3 542.5 893. 8

|V 102 20 2094. 4 1196.5 3665. 5
104 20 250. 5 117.9 530. 8

114 20 112. 4 52.0 241.6

122 20 307.6 .151.7 622.7

123 20 24.3 6.2 88.1

123A 20 2237.8 1048.0 4777.1

ALL 120 318.1 208.6 486. 7

ALL ALL 460 609. 2 514.4 721.4
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and 123A). Mean gravel perneabilities for sections Il (457

cmhr; n=l00Q and Il (696 cmhr; n=140) fall between those

for sections | and XV.

The observed pattern of relatively higher gravel
pernmeability i medi ately bel ow Pelton Reregul ati on Dam and
relatively |ower gravel perneability dwonstream
particularly below Wite R ver, was also noted by the OSGC
in the md 1960% This pattern nmay reflect limted
transport of fine sedinent into Section | and heavy
sedinent |oads contributed to the |ower Deschutes by Wite
River and certain other tributaries. However, grave
permeabilities measured in the four study sections were so
highly variable within and anong the stations sanpled, that
observed differences between the study sections are not
statistically significant (p<O10Q. A sunmary of the ANOVA
performed on log transformations of the perneability
measurenents made in Fall 1983 is presented in Table 7.
Differences in perneability between the stations within the

four Study Sections are highly significant (p<OQQ).

A priori hypotheses of gravel perneability differences

bet ween specific groupings of study sections were
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Table 7. Analysis of Variance of |og transfornations
of gravel perneability neasurenents taken at 23

stations within four Study Sections of the |ower
Deschutes River, Oregon during Fall 1983.

Source of Variation df MS F Signif.
Among Study Sections 3 46.0712 1.77a N. S.
Section | vs.
Sections 11,111 & IV 1 102.1818 3.93a N. S.
Section |V vs.
Sections Il & 111 1 25. 8631 | . 00a N. S.
Section Il vs.
Section |11 1 10. 3430 0. 40a N. S.
Am_an%_ Sections
w thin Sections 19 25. 9905 12.18 <0 d
Wthin Stations 437 2.1330
Tot al 459 3.4078
a MS . . . .
ERmgEnom Akl 8PS ML A et ons used s
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rejected. Measured perneabilities were not significantly
different (p<O 10) between Study Section | and the other

three sections; between Study Section IV and sections Il

and IIl: or between sections Il and II1.

Nine of the gravel bars (stations) sanpled during this
study were also sanpled in the fall during the 1960% by
the OSGC. A summary of the perneability data collected at
these stations by the OSGC is presented in Table 8.

Results of the ANOVA performed on the perneability data
collected at the one "matched-up" station in Section | are

sumarized in Table 9. A significant effect (p<0.10) of

year on gravel perneability at the station (501) was
detected. Gavel perneability was significantly (p<Q10
higher in 1965 than in 1964. This may reflect nobilization
and cleansing of Section | gravels by the 1964 flood. The
data do not show a significant difference between the
pernmeabilities recorded at the station in the md-1960%

and those nmeasured in 1983 (p<Q10.

Results of the two-way ANOVA for perneability data fromthe

"mat ched-up" stations in Sections II, Ill and IV are
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Tabl e 8.

Back-transforned mean gravel

permeabilities

(cmhr) with 95% confidence limts for match-up stations
sanpled by the OSGC in the fall, 1963-1965.
Mean G avel
St udy Sanpl e Perneability
Section Station Year Size cm yr)
| 501 1964 9 421
1965 10 2096
I 10 1963 24 79
1964 10 121
19 1963 14 78
1964 11 46
[l 47 1963 20 928
1964 11 551
58A 1963 16 486
1964 18 250
58B 1963 20 134
1964 10 152
|V 114 1963 28 112
1964 8 194
122 1963 17 83
1964 8 39
123 1963 13 529
1964 9 272
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95 Per cent
Conf. Limts
Lower Upper
52 3334
866 5072
28 224
21 66
15 398

4 409
426 2020
129 2342
170 1390

71 870
37 483
51 451
46 273
101 374
17 390

4 311
244 1146
207 357



Tabl e 9.

One-way ANOVA for | og transformations

perneabi ity nmeasurenents taken in the Fall at

(Study Section |), during 1964, 1965 and 1983.
contrasts of station means

of special a priori
Sour ce of
Variation df Ss
Year 2 14. 3131
1964 & 1965
vs 1983 1 2.5298
1964 v. 1965 1 12. 1816
Error 36 92. 1466
Tot al 38 106. 4597

7. 1565
2.5298

12. 1816
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2. 5596

of

station 501
The results
are given.

F
Ratio Significance
2.80 <0. 05
0.99 N. S.
4.76 <0. 05



presented in Table 10. No significant overall year effect
on gravel perneability was detected for these stations
(p<O10. However, neasured perneabilities varied
significantly between stations (p<QQd). Measured
differences between stations were not consistent between
years. Interaction between the effects of year and station
on neasured perneability was highly significant

(p.<O.d). This station-year interaction is depicted

graphically in Figure 19.

Based upon the results of multiple conparison tests
(Tukey's HSD), the data show only that the neasured grave
perneabilities differ significantly between study periods
for one of the eight "matched-up" stations. G avel
perneability was significantly lower at station 123 in
Section IV during 1983 than it was in 1963 and 1964

(p<O. O6; Tukey's HSD).

Gven the within-station variability of the perneability
data collected (gravel perneabilities are plotted in [og
scale in Figure 19), only very dramatic.changes in the
permeability of gravel bars in the |ower Deschutes would be

shown significant in any statistical analysis. Changes of
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Table 10. Two-way ANOVA for log transformations of
permeabi ity neasurenents taken in the Fall at eight
stations in Study Sections Il, Ill and IV during 1963,
1964 and 1983.

Source of F

Variation df SS M Ratio Significance
Year 2 10. 8724 5. 4362 1.18 N. S.
Station 7 198. 0821 28. 2974 6.13 <0

Year x Sta. 14 155. 5151 11.1082 2.41 CO 01

Error 373 1720. 7715 4.6133

Tot al 396 2116. 6645
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this magnitude have apparently not taken place in the
Deschutes. However, actual l|ong-term changes in grave
perneability may have been nmasked by: 1) natural variations
in gravel perneability at individual gravel bars; and 2)
differences in the magnitudes of flushing flows affecting

gravel perneabilities during the years sanpl ed.

The OSGC' s fall perneability sanpling was conducted during
an extended period of |ow Deschutes R ver flows caused by
the filling of Round Butte Reservoir and relatively dry
weat her.  These flows would have tended to reduce grave
pernmeability by allowi ng an accunulation of fine sedinent
and organic material in the stream bed. In contrast,
Deschutes flows recorded in the winter, spring and early
summer of 1983 were relatively high and probably renoved
accunul ated fine material from the streambed. In fact,
streanflows at Pelton gage in Spring 1983 were the hi ghest
spring flows recorded since the PGE hydroconpl ex was

conpl et ed.
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GRAVEL COWPGCSI TI ON

Freeze core sanpling proved to be very difficult in many of
the chinook and trout spawning areas sanpled. As with the
permeabi lity sanpling conducted, problems frequently arose
when field personnel drove the sanpling apparatus into the
riverbed. Freezing tubes were often bent as they
penetrated the gravel being sanpled, even in a few areas
where surface gravels were relatively smaland wel |

sorted. The reason for this was that many gravel bars in
the Deschutes have conpacted surface gravels: others can
have a relatively thin surface layer of |oose, well sorted

gravel overlaying densely conpacted subsurface gravels.

Chi nook

A total of 99 stratified gravel sanples, each conposed of

four 101.6 mm(4 in) thick depth strata, were collected in
Fall 1983 at 10 sanpling stations established in areas
considered suitable for fall chinook spawning. Ten
stratified sanples were collected at all but one of the
stations. N ne sanples were collected at Station 10-A due

to equi pment failure.
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Two sets of gravel quality parameters, one with and one

Wi t hout 101.6-127 nmm (4-5 in) diameter rocks considered are
given in Appendix XlI. Each of these sets includes a
geonetric mean particle dianeter, sorting coefficient,
percentage by weight of particles less than 2.38 nm (0.09
in) in diameter, and Fredle index for each depth subsanple
of gravel collected at chinook spawning areas. Paraneters
based upon all sedinment particles less than 127 nmmin

di ameter (excluding any particle greater than 127 nmin
dianeter) within each subsanple were used in the analysis

of gravel quality presented here.

Appendi x XI Il presents mean values and variability of each
gravel quality paraneter for each depth sanpled at each
chinook spawning area studied in 1983. Gavel between
101.6 and 127 nmin diameter was present in approximtely
10 percent of the depth subsanples of gravel, and nearly 25
percent of the sanples collected. The percentages woul d
have been even higher if sanpling of sonme of the coarser
spawni ng gravels frequently used by fall chinook in the

Deschut es had been possi bl e.
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Fredl e indices calculated for each of the upper three depth
strata for each gravel sanple collected were |og-
transformed and used to test for significant gravel quality
di fferences between the study sections using ANOVA.  Fredle
indices for the deepest depth stratum sanpled at each
station (30-40 cnm) were excluded from the anal ysis because
sal non generally deposit their eggs within the upper 30 cm
of gravel. The hypotheses tested and results of the

statistical analysis are summarized in Table 11.

Based upon Fredle indices, chinook gravel quality differed
significantly (p<O0d) both anmong study sections and
between depth strata. However, significant interaction
(p<0.05) between the Study Section and the depth strata
factors indicates that differences between sections are not
consi stent between depth strata. This interaction has at

| east two |ikely sources. First, it was difficult to
extract frozen cores of chinook spawning gravel at a nunber
of the ten stations sanpled. Subsanples of the upper
101.6¢cm (4 in) of gravel at those stations sonetines

di sintegrated when extracted because of the presence of a
very coarse "arnmor" layer. Since variation in the

difficulty of sanpling of the upper stratum of gravels at
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Table 11. Analysis of variance® of log transforned Fredle
indices for depth stratified sanples of chinook spawning
gravel collected in 1983 at 10 stations in the |ower
Deschutes R ver, Oegon. Stations were selected to
represent the condition of gravel suitable for fall
chinook spawning with each of four Study Sections.

Source of Variation df M F Signif.
gt udy Sectl ons 3 8.4884 25.819 <0 O

Wi t hi n Sectl ons 6 0.3289b 1.13 N. S.
Anong Depth Strata 2 14.9026 63.81¢ <0 O
Sectrons X

Depth Strata 6 0.9133 3.91¢€ <0. 05
Depth Strat x

Stations win Sects. 12 0.2336€ 0. 80
Wthin Stations 267 0. 2903
Tot al 296 0. 4685

(CONTI NUED, SEE NEXT PAGE)

a Refer to p. 359-366 in Wner (1971) for an explanation
of statistical desi ?ns i nvol ving both nested and
crossed factors (effects)

b MSamong Stations within Sections.

c MSpepth Strata x Stations within Sections.
d "b" used as denom nator in F-ratio.

e "C" used as denomnator in F-ratio.
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Tabl e 11, conti nued.

Apriori Tests of Othogonal Study Section Effects for Each
Depth Stratum
Source of Variation df M F Signif.
Upper Stratum (0-1Ccn):
Anbng Sections 3 6.2974 19.15 <0.01
Section 1 vs
Sections II,II1,1V 1 0. 9453 2.87 N. S.
Sections |V vs
Sections Il & Il 1 8. 4881 25.81 <0.01
Section Il vs
Section Il 1 4,9374 15. 01 <0.05
Mddle Stratum (10-20 cm:
Anong Sections 3 1. 9633 5.97 CO. 05
Section | vs
Sections II,111,1V 1 0. 0463 0.14 N. S.
Section |V vs
Sections Il & I11 1 5.5398 17. 15 <0.d
Section Il vs
Section |11 1 0. 0220 0. 07 N. S.
Lower Stratum (20-30 cm:
Among  Secti ons 3 2.0542 6. 25 <0.05
Section | vs
Sections II,111,1V 1 0. 0186 0. 06 N. S.
Section |V vs
Sections Il & 111 1 5. 5966 18. 23 <0 d
Section Il vs
Section Il 1 0. 0045 0.01 N. S.
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stations may have been independent of subsurface gravel
quality, this could be responsible for the interaction.
Secondly, the interaction may indicate that actual gravel
quality differences between the study sections varied wth

dept h.

Fredl e indices for chinook spawning gravel collected at
stations in Section | do not differ significantly from
those of gravel sanpled at stations in the other three
study sections for either the upper, mddle, or |ower depth
stratum  Fredle indices for gravel collected at stations
in Section IV, below Wite Rver, were higher than those
for gravel collected at stations in sections Il and I11.
The difference was significant (p<Od) for each of the
three sanple depths. This result is somewhat surprising
since gravel quality and the survival rate for incubating
sal monid al evins were thought by many biol ogists to be poor
bel ow White River. It is suspected that the overall grave
quality in Section IV is generally |ower than el sewhere in
the river, although quite good in those areas heavily used
by spawning fish. Both stations sanpled in Section |V are

wel | used by chinook spawners at the present tine.

93



Fish clean gravel quite effectively when spawning and nay
maintain or inprove gravel quality through repeated use.
Spawni ng dunes present in certain areas of the Deschutes
are indications that chinook are certainly capable of
significantly changing the contours of gravel bars in the

river, and probably the conposition of the bars as well.

Fredl e indices for the upper stratum of gravel at stations
sanpled in Section Il were significantly higher than those
for Section Il (p<O. Gb). However, no significant
difference was detected between Fredle indices for the
mddle and |ower strata for the same sections. The
difference in Fredle indices for the surface gravels from
the two sections may reflect either lower gravel quality at
the stations in Section IIl, or the presence of a coarse
armor layer at stations in Section Il. In either case, the
Fredle indices for the subsanples of surface gravel from

Section Il are not so low as to indicate the existence of

a gravel quality problem at the stations sanpled.

Back-transfornmed mean Fredle i ndices for each depth stratum
of chinook gravel are plotted against Study Section in

Figure 20. The nean Fredle index for each Study Section
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declined with increasing stratum depth. On average, the
depth stratumnost likely to inpede salnonid enbryo
survival -to-emergence at the stations in each Section was
t he deepest one considered, from 20-30 cm beneath the
gravel surface. Back-calculated nmean Fredle indices for
this stratumwere 8.89, 7.27, 7.34 and 14.59 for sections
[, I, IlIl and IV respectively. A Fredle index val ue of
fromfive to seven generally reflects conditions conducive

to high rates of survival for incubating salnonid enbryos.

Back-transformed nean Fredle indices for each depth stratum
at each station are presented with their 95 percent
confidence limts in Table 12, and plotted by river mle in
Figure 21. Table 12 also contains statistics on geonetric
mean particle sizes, sorting coefficients and percent fines

(<2.38 mmin dianeter).

Sone authors have suggested that freeze-core sanpling may
not yiela adequately large sanples in coarse substrates
(Shirazi et al., 1981). Wiile this study cannot address
this question directly, it can be reported that it was
often difficult to extract cores from areas of coarse

gravel. The sanples that were extracted from these areas
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Table 12, Back-transformed mean Fredie indices with 95% confidence limits,
average geometric means, mean sorting coefficients and perceal fire sedimeats for
cachdepthstratumof gravelateachchiroot spawningareasampledat thelower
Deschutes River,Oregon in1983.

Samp | ¢ Percent Fredie ladex
Study River Depth Sampie Geom. Sorting  Fines 95% Copt. {imi s
Sect. Sta, Mile (cm)  Size Mean  Coeff, <2.38mm Meas  Upper Lower

| 501 99.9 0-10 10 6.17 153 1.23 a5 un a9
10-20 10 ar.m 191 618 13.30 8.1 20.05
20-30 10 2041 213 8.8 10.15 6.35 16.61

54901.9 0-10 10 3832 159 2.55 23.39 16.49  33.01
10-20 10 2525  2.46 9.01 9.60 59 1511
20-30 10 20.14  2.36 11.92 1.55 423 1291

1l 5 9%!1 0-10 10 36.12  1.90 1.89 15.28 12.09  21.36
19-20 10 21.05  2.19 12.13 1.97 523 1191
20-30 10 23.61  2.30 12.56 9.12 1.95 16.23

wA91.1 o-10 9 10.10  1.56 3.90 4.8 14.61  31.93
10-20 9 22,11 .48 13.11 1.51 502 11.23
20-30 9 15.86 214 16.91 5.61 3.82 8.0

[11 nr71.2 010 10 2122 1.83 1.15 1.5 1012 1953
10-20 10 [B.tB  2.23 9.91 6.12 589 11.01
20-30 10 1816 2.15 9.99 .26 595 11.35

56 10.3 0-10 10 23.01 224 6.30 9.57 6.31  14.28
10-20 10 23.34 2.1 10.88 10.16 515 1.4}
20-30 10 19.11 .9 13.26 1.81 590 10.10

62 65.7 0-10 10 2350 249 12.10 9.11 566 14.31
1"-20 10 2252 2.21 14.34 6.13 .16 1595
20-30 10 11,19 2.46 15.25 6.64 3.96 10.71

9 2 41.50-10 10 2229 231 9.56 16.52 .88 13.u
10-20 10 19.26 2.3, 13.05 111 506 11.50
20-30 10 1640 2.4 15.51 610 3.92 1105

v 10431.1 0-10 10 i 131 2.36 30.16 21,11 36.16
10-20 10 51 169 9.45 14.02 9.15  20.01
20-30 10 2156  1.61 10.55 15.63 10.11 3.4

123 10.2 0-10 10 5364 1.31 155 .40 2115 5029

10-20 10 33.01 159 1.11 19.82 .1 2164
20-30 10 2113 1. 12.99 13.91 9.13  20.95
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were sonetimes of marginal quality, particularly in the
uppernost stratum due to fragnmentation or erosion of the
upper part of the core as it was extracted. It should be
noted, however, that in spite of its possible shortcom ngs,
the freeze-core device is the only gravel sanpler presently
available that is capable of extracting stratified sanples
of chinook spawning gravel froma river like the

Deschutes.  Prevailing water depths at nost chinook
spawning areas in the river preclude the use of other types

of gravel sanpling equipment.

A nunber of l|aboratory experinents relating the surviva

rate of salmonid enbryos to the sedinment conposition of the

gravel in which they incubate have been conducted. Two
studi es (Lotspeich and Everest 1981; Tappel 1981) have |ed
to the devel opment of enpirical relationships between
Fredl e i ndi ces and survival -to-energence rates of sal nonid
fry. Neither of these-studies has addressed the question
of what survival-to-energence rates mght be for fal

chinook salnon in coarse gravel mxtures simlar to those

found in spawni ng areas on the Deschutes.

Tappel (1981) established a relationship between chinook

survival to emergence and the Fredle index of incubation
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gravel, but used only gravel less than 2 inches in diameter
during his experinents. Hs results were conplicated by
the use of chinook enbryos that were at an advanced stage
of devel opment when placed in various gravel m xtures.

This conplication led to overestimted survival-to-
emergence rates for the mxtures used. The degree of

overestimation could not be quantified.

Lot speich and Everest (1981) used the data of Phillips et
al. (1975) to develop relationships between Fredle index
val ues and the survival -to-enmergence of coho sal non and
steel head trout. The relationships are depicted in Figure
22.  Lotspeich and Everest (1981) postulated that steel head
survived at a greater rate than coho in gravel with the

sanme Fredle index because the greater size of coho fry

makes their energence from gravel nore difficult. Assuming

that this postulation is correct, chinook sal mon enbryos

woul d be expected to survive at an even lower rate than
st eel head or coho sal non enbryos when incubating in gravel

of the same quality.

Shirazi and Seim (1981) have devel oped an enbryo survival

i ndex for salnmonid spawni ng gravel using experinmental data
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trout ( based on data of Phillips et al.1975).
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collected by a nunber of researchers (Figure 23). Their
index is the ratio of the geonetric mean particle dianeter
and the average egg dianeter of the species of interest
(dgsde). By incorporating the egg size of the

particular fish species to be considered, this index
attenpts to account for differences in salmonid enbryo
survival which are thought to be at |east partially due to

size differences in enbryos and energent fry.

O the available infornmation on embryo survival rates for
salmonids, it is felt that the quality index and surviva
rel ati onshi ps devel oped by Shirazi and Siem (1981) wil

give the best indication of survival-to-energence rates for
fall chinook enbryos incubating in gravel bars of the
Deschutes River. Their index and survival relationships
were selected over those of other researchers because they:
1) are based upon experinmental data not conplicated by
Tappel 's (1981) problens of advanced enbryo devel opnent;
and 2) attenpt to account for the |large size of chinook

enbryos and energing fry.

Results of |aboratory studies of survival-to-emergence are

not entirely applicable to natural conditions and have yet
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Figure 23, Relationship between the embryo survival index (dg/de)

and survival-to-emergence for salmon and trout (source: Shirazi

and Seim 1981).
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to be verified in the field. In nost |aboratory
experiments, devel oping sal nonid enbryos and energi ng
salnonid fry are subjected to conditions which are nore
stable than those the enbryos and fry would face in

nature. Laboratory experiments may not account for the
presence of organic materials in spawning areas which can
slow rates of oxygen delivery and netabolic waste renova
within redds. In addition, applying the results of these
experiments to gravel conditions prior to redd construction
could indicate |lower survival rates than those actually

experinced in a stream

Wth the reservations given above, survival-to-energence
rates were predicted for fall chinook enmbryos incubating at
the ten stations sanpled (Table 13). The rate for each
station was determ ned by taking the |owest survival rate
of the three predicted by the nmean "dg/de" for the

upper, mddle and |ower depth strata. This was done
because nost energing fry would have to pass through al
three depth strata during emergence in order to survive.
The survival -to-energence rate for nost enbryos or fry
woul d thus be limted by conditions in the stratum having

the poorest gravel quality.
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Table 13. Survival index for the limting depth stratum at

of gravel at each of 10 potential chinook spawning areas
sanpl ed at the [ower Deschutes River, Oregon, Fall 1983.

st udy Sanple Limting Survi val
Section  Station Size Ddg/dy . Index@
| 501 10 20-30 an 3.8 90%
504 10 20-30 an 3.1 80%
[ 5 10 10-20 an 3.2 82%
10A 9 20- 30an 2.4 62%
| 47 10 20-30 an 2.8 75%
56 10 20-30 an 3.0 80%
62 10 20-30 an 2.8 75%
92 10 20-30 cm 2.5 65%
|V 104 10 10-20 an 3.8 90%
123 10 20-30 an 4.2 92%

d_g/de = (geonetric mean particle diameter)/(mean egg
di am?ter()l; de for fall chinook salnon and is approxi-
mately 6.5 mm(Scott and Crossman, 1973).

a - survival-to-energence rates of chinook enbryos

predicted by relationships reported by Shirazi
and Seim (1981).
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The rates presented in Table 13 should be |ooked upon as

relative indices and not as absolute predictors of enbryo

survival. The validity of applying these survival rates to
fall chinook in the Deschutes is entirely dependent on the
assunptions that: 1) the survival relationships devel oped
by Shirazi and Seim (1981) are valid for chinook enbryos;
and 2) the quality index used (d9gs/de) is a good

indicator of gravel quality in fall chinook spawning areas.

Fredl e indices calculated for gravel collected at a few of
the stations sanpled in Fall 1983 indicated considerably
hi gher enbryo survival than expected. At two such
stations, Cedar Island (Section IV, Station 104; RM 31.1)
and Wndy Flat (Section Ill, Station 62; RM65.2), visual

i nspection and gravel perneabilities suggested relatively
| ow gravel quality where Fredle indices indicated
relatively high gravel quality. W hypothesize two

expl anations for these conflicts:
0 Some of the stations sanpled had relatively angul ar

gravel. However, the application of Fredle indices,

whi ch assunes that the packing relationships of spheres
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are approxi mated by spawning gravel, maynot be
entirely appropriate for areas having angular gravels.
QO her researchers have noted that gravels of apparently
simlar quality but differing angularity can have
different perneabilities (Platts et alL. 1979).

Sedi nent particles which have flat surfaces may pack
nmore tightly, and have less interstitial space for a
given level of sedinentation, than nore rounded

sedi ment particles do.

A nunber of the gravel sanples collected from spawni ng
areas in the Deshutes contained |iving and dead
vegetation which was not accounted for in our
gravinetric analyses due to oven drying of sanples.
Thi s vegetion maycloggravel interstices and reduce

I ntergravel flow.

St eel head

Depth stratified core sanples were collected as soonafter

conpletion of the emergence period for steel head as

possible. Ceonetric means, sorting coefficients, percent

fines less than 2.38 mmin dianeter, and Fredl e indices
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were cal cul ated based on the particle size distribution of

each gravel subsanple collected. Summaries of the grave
quality paraneters calculated for each sanple depth at each

station are given in Appendix XIV. The values of each
gravel quality parameter for each individual depth
subsanpl e of steelhead gravel collected during this study

are given in Appendix XV.

Fredl e indices calculated for each of the three depth
strata within each sanple of steel head gravel collected
were log transformed. These transformed indices were then
used to test for significant gravel quality differences
bet ween the Study Sections using ANOVA.  The results of

the statistical analyses are sunmarized in Table 14.

Based on Fredle indices, quality of gravel in the steel head
spawni ng areas did not differ significantly (p<O )

between sections. However there was a highly significant
difference (p<OOd) in gravel quality between depth

strata. Highly significant (p<O Od) gravel quality

di fferences between stations within the study sections were

al so detected.
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Table 14. Analysis of Variance a of log transforned
Fredle indices for depth stratified sanples of steel head
spawni ng gravel collected in 1984 at 13 stations in the

| oner Deschutes River, Oegon. Stations were selected to
represent the condition of gravel suitable for steelhead
trout spawning within each of four Study Sections.

Source of Variation df MS F Signif.
Anong Study Sections 3 2.3323 0.56d N. S.
Section | vs
Sections II,111,1V 1 2.0786 0.509 N. S.
Section IV vs
Section Il & 111 1 0.5950 0.144 N. S
Section Il vs
Section |11 1 4.4574 1.07d N. S.
Anmong Stations
within Sections 9 4.1653P 15.73  <0.Q0
Among Depth Strata 2 11.6623 39.20¢ <0 O
Sections x
Depth Strata 6 0. 4267 1.43¢€ N. S.
Depth Strata x
Stations win Sect. 18 0.2975€ 1.12 N. S
Wthin Stations 546 0.2648
Tot al 584 0.3761

a Refer to p.359-366 in Wner (1971) for an expl anation
of statistical designs involving both nested and
crossed factors (effects).

b MSamong Stations within Sections

C  MSpepth Strata x Stations within Sections
d *b» used as denominator in F-ratio

e »Cn ysed as denomnator in F-ratio
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Back-transformed mean Fredle indices for each depth stratum
of steelhead gravel are plotted against Study Section in
Figure 24. Fredle indices calculated for subsanples of
steel head gravel collected in Section | were generally

hi gher than those for the other three sections for each
depth stratum Mean Fredle indices for the three depth
strata sanpled at stations in Section Ill are greater than

those for either Section Il or Section IV.

As noted previously, the observed differences in nean
Fredl e indices between the four sections are not
statistically significant. However, a reasonable
explanation of this pattern can be constructed on the
basis of tributary stream contributions of sedinent and
flow to each Study Section. Good gravel quality at

steel head spawning areas in Section | mght be expected as
flows in this section are generally clearer than those
downstream due to settling of fine sediment in the
hydroproject reservoirs. Gavel quality in Section Ill nay
be strongly influenced by the relatively. clear and stable
flows of the Warm Springs River. Many tributary streans
entering the Deschutes in sections Il and |V reduce grave
quality in those reaches because they often contribute

substantial quantities of fine sediment to the river
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The nean Fredle index for each Study Section above Wite

Ri ver declined with depth. In contrast, that for Section

|V was, higher for the lower depth stratumthan it was for
the mddle one. Although this apparent difference between
sections is not statistically significant, it may well
reflect the fact that deposits of finer gravel in Section
|V tend to be thin, with subsurface |layers of coarser or
tightly conpacted materials relatively close to the

surf ace.

Table 15 gives the back-transformed nmean Fredle index wth
95% confidence limts, average geometric mean particle
size, mean sorting coefficient, and mean percent fine
sediment less than 2.38 millimeters in diameter for each
depth stratum at each station sanpled. The
back-transformed mean Fredle index for each depth (stratum
of spawning gravel sanpled at each station is plotted

against river mle in Figure 25.

Survival -to-emergence indices for the limting depth

stratum of steel head spawning gravel at each station are

presented in Table 16. These indices are based on the
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Table 15. Back-transformed mean Fredle indices with 95% confidence limits, average
geometric means, mean sorting coefficients and percent fine sediments for each
depth stratumof gravel at each steelhead Sprraiag area sampled at the lower
Deschutes River, Oregon daring 1964.

Sampl ¢ Per cent Fredie ladex
Study River DepthSample Geom. Sorting Fires 35% Coaf. Limils

Sect, Sta, Mile (em) Size Mean  (Coeff, <2 i0mm Mein Upper  Lower

| 500 999 0-10 15 18.83 1.92 542 9.51 1.18 1175
10-20 1§ 18.91 244 11.17 7.36 525 10.20
20-30 15 17.13 2.34 12.61 7.06 5.19 9.54

54 969 0-10 15 20.60 2.04 6.27 10.47 7.93  13.1%
10-20 15 17.91 2.75 12.69 7.09 4.63  10.47
20-30 15 17.64 226 12.69 7.31 5.32 9.94

5084 980 O0-10 15 18 65 204 i 8 6.60 572 1294
10-20 15 12.66 2.91 nwn 4.26 2.65 6.60
20-30 1§ 12.02 3.04 19.46 3.77 2.55 5.40

I -5 964 010 15 16.82 1.61 6.66 10.54 9.02 1230
10-20 15 14.12 2.67 16.99 4.99 3.97 6.22
2-30 5 14.99 290 16.17 5.06 3.56 1.04

10 942 o010 15 14.65 2.01 11.25 7.11 5.61 6.94
10-20 15 13.87 2.93 16.46 L6 3.14 6.15
20-30 15 10.93 264 25.15 3.57 2.22 5.50

615 861 0-10 15 1539 2.09 12.22 7.15 542 9.34
10-20 15 a.91 31 26.65 237 1.48 3.59
20-30 15 10.27 3.43 25.59 2.67 1.90 4.17

[l 56 69.2 0-10 15 19.00 1.74 7.30 10.15 1.5 13.46
10-20 15 13.40 2.39 15.71 544 3.65 7.93
20-30 15 12.36 2.63 19.10 470 2.63 7.50

73 645 0-10 15 15.43 2.03 9.70 9.01 6.74  11.95
10-20 1§ 16.04 2.50 14 05 6.26 5.07 n
20-30 15 14.97 2.57 17.29 7.25 497  10.40

630 6t.8 0-10 15 16.70 1.79 9 15 1.45 5.12 9.63
[0-20 15 13.92 2.19 14.83 6.15 447 a.35
20-30 15 17.60 2.30 14.44 5.36 3.43 6.14

v 9% 410 o010 15 1000 211 21.66 3.65 2.61 1.98

10-20 15 9.05 3.56 26.29 2.63 1.16  3.72
20-30 15 11.66 2.96 21.60 4.03 2.53 6.06
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Tabtel 5, Coalinued.

Samp e Percent Fredle Index
Study River Depth Sample Geom.  Sorling Fimes 95% Conf, Limils

Sect. Sta, Mile (cm) Size Megn  Coeff, (2. 3%mm Megn  Upper Llower

IV 106 285 0-10 15 16 43 2.1 15.19 1.12 554 1063
18-20 15 16.02 2.36 612 T7.04 §.25  9.36
to-30 1§ 15.21 2.32 17.46 6.56 4.71 3.01

1098 239 0-10 15 26.1l 1.60 5.31 16.61 13.97  20.19
10-20 15 20.55 2.04 11.63 9.18 7.68 1239
20-30 15 2216 2.09 12.57 10.21 6.70  15.32

113 219 e-10 15 16.94 2.31 12.69 T4 500 10.14

10-20 15 n.n 1.0 19.05 U1 327 520
20-30 15 13.11 3.03 19.62 1.31 2.93 6.26
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MEAN FREDLE INDEX

GRAVEL QUALITY

POTENTIAL STEELHEAD SPAWNING AREAS
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Figure 25. Back-transformed mean Fredle indices by stratum
depth and river mile for gravel samples collected at
steelhead/ resident rainbow trout spawning areas in the
lower Deschutes River, Oregon during Summer 1984.
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Table 16. Steelhead survival index for the limting depth
stratum at each steel head spawning area sanpled at the
| oner Deschutes River, Oregon in 1984.

Limting
Dept h Steelhead*

St udy Sanpl e Stratum Mean Survi val
Section Station Size cm Fredle Index
| 501 15 20- 30 7.08 95%
504 15 10- 20 7.04 95%
508 15 20- 30 3.77 70%
I 5 15 10- 20 4.99 80%
10 15 20- 30 3.57 65%
615 15 10- 20 2. 37 50%
1] 58 15 20- 30 4.70 75%
73 15 10- 20 6. 28 90%
630 15 20- 30 5. 36 85%
IV 95 15 10- 20 2.63 55%
106 15 20- 30 6. 56 90%
109 15 10- 20 9.78 95%
113 15 10- 20 4.14 70%

Based on estimted survival rates for steel head
e(zr{gg;ll)os using data reported by Lotspeich and Everest

104d



survival relationships devel oped by Lotspeich and Everest
(1981) and presented earlier in this report. Many of the
same caveats applied to chinook survival-to-energence

i ndi ces should be applied to these for steelhead. The nost
notabl e exception is that survival-to- emergence rates for
steel head were obtained using data on actual steel head

enbryos (Lotspeich and Everest 1981).

The two |owest survival indices are for stations

i mredi ately downstream of Trout Creek (Station 615) and
Buck Holl ow Creek (Station 95), both of which contribute
hi gh sedinent |loads to the Deschutes during high flow
periods. Survival indices are higher than expected for
sanples fromnnearly all of the steelhead stations in
Section IV (55-959.
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SPAWNER USE OF HABI TAT

Chi nook

As part of their baseline study, OSGC biol ogists conducted
a nunber of counts of fall chinook redds along nost of the
100.1 mles of the |ower Deschutes. These counts were
conducted using drift boats and a fixed-wing aircraft.
OSGC biol ogists separately recorded the number of chinook

redds visible on each spawning bar in the river.

Since conpletion of the OSGC study, counts of chinook redds
in the river have been |ess detailed. In nost years since
1972, the ODFW has conducted aerial counts of chinook redds
in selected index reaches of the river from a helicopter
The nunber of redds within each index reach has been

recorded but no distinction has been nade as to the

| ocation of redds within the reaches (Table 17; Figure 26).
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Table 17, Anosual redd counts (redds/mite) made during fatl serial surveys of chisook spawning areas in specific
reaches of the lower Deschules River, Oregon. Low waler clarity depressed counls for all reaches in 1981 and for
those reaches counted in Section IV during 1983.

YEAR
RN Nime Section 65 68 12 u n un o n n wn 4y
99.5 Jackson [ 9 6 18 215 255 14§ |1 ©on ¢
98.5 Disney ([ 21 58 10 8 112 %0 105 130 125 12 W
94.5 Dry Creek n I 0 56 65 82 6§ 315 00 31 13
85.5 Annie Dict R 1] 3 56 1§ L 1| “© L I | I |
80.5 Above Kaskeln R A ron 3 ] g 3 3 13 | I
705 Red Birch o 2. N T 1] 5o (1] ] I ) 2 5 [ I
58.5 Above Nema Creek 11} 9 1L Y ] 6 12 §° 5 ] 22 [ I ]
52.5 Above Maupin L 3 K} I 3 ¢ 50 8° i 9 15 1
33.) Gert Cacyec vV ° ) A "2 25 85 §° 8 5 n & -
31.5 Cedar Istand v o9 P [ "” ¢ 50 °§ 0 30 % 31 1
28.5 Rattlesnake Island Vv 2 10 H] { 2 a0 ] 0 0 I
175 Bul) Run v o1 15 25 2 6 (1] A I 1 ST N |
10-5 Fall Canyon A} 39 ] 0 ¢ b 2 2 6 ] [

T midpoint of reach; all reaches were 1 mile long excepl for Gert Canyon (1.5 mi.).
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presented were made by the Oregon Stat Game Commission (1965-66)
and by the Oregon Department of Fish and Wildlife (1972-83).
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Attempts to make detailed counts of fall chinook redds in
the Deschutes during 1984 were unsuccessful because of bad
weat her and poor water conditions. Wthout this
information there are no current data available which can
be used to conpare present versus past spawner use of
specific gravel bars in the Deschutes. This is unfortunate
because there are a nunber of historical chinook spawning
areas in the river where it is suspected that substantial
shifts in spawner use patterns have occurred. Cbservations
made during this study suggest that chinook spawners may
have conpl etely abandoned a nunber of spawning dunes in
Section | and may no longer utilize relatively shallow
spawni ng areas elsewhere in the river to the extent they
did historically. According to limted observations in
1984 and conversations with OSGC study team nenbers,
Deschut es chinook may be spawning in deep water to a
greater extent now than during the time of the baseline

st udy.

Cbservations of chinook spawners made during this study

indicate that areas nost intensely used by fall chinook in

the river tend to be those with the best sorted and

apparently highest quality gravels. O the gravel bars
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sanpl ed during this study, the greatest nunbers of chinook
spawners and redds were seen at or near those bars having
t he hi ghest perneabilities or Fredle index values. In
contrast, the fewest spawners and redds were observed in
Study Section Ill, where chinook spawning areas which were
sanpl ed had gravel with the |owest Fredle indices.

Al though this greater use of high quality gravels was not
unexpected, the degree to which fall chinook nmodify the
physical characteristics of sone spawning areas in the
Deschutes raises the possibility that they play a role in

creating good spawning habitat in the river.

The OSGC noted that nost chinook sal non spawni ng did not
occur beyond "measurable limts" (Aney et al. 1967). The
inmplication of this was that nost fall chinook spawned in
areas that could be waded by OSGC biol ogists. During our
study, however, few areas where sal non spawned appeared
limted by depth alone. Mst fall chinook spawning took
place in areas of deep water having relatively high current
velocities. On one occasion, aerial observations reveal ed
heavy fall chinook use of two large deposits of gravel in
deep water within Section |V which were not previously

known to be used by spawners. This and other heavy use of
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gravel deposits in deep areas of the |ower river may
reflect changes in spawner use patterns since the OSGC

study (or the 1964 flood).

St eel head

H gh water conditions in the Deschutes and turbid flows

bel ow Trout Creek delayed trout redd counts in 1984 unti
after nost steel head spawning and a |arge portion of
resident rainbow trout spawning in the river had been
conpleted. Wiile it is generally possible to identify
redds by their distinctive contour for a considerable
period of tine in the Deschutes, it was frequently
difficult to determ ne whether a steel head or |arge
resident rainbow trout had constructed a particular redd.
This problem of redd identification, which was also
experienced by the OSGC in the 1960's, was difficult to
resol ve because both steel head and resident trout tend to
spawn in the same areas of the river. Nearly all steel head
and resident rainbow trout redds counted were found in
areas where surface gravels were predom nantly between |/4
and 3 inches in dianeter (gravel classes | and Il). Gavel
of this size was found al nost exclusively around islands,

in side channels, and along the river nargins.
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Al resident rainbow, steelhead and "unclassified" trout
redds which were counted in 1984 were pooled into a single
"trout redd" grouping for conparison to the results of redd
counts made by the OSGC. A conplete summary of redd counts
made during this study and a breakdown of the trout redds
counted in each ten mle reach of the |ower Deschutes are

given in Appendix XVI.

The nunber of steel head, resident rainbow and unclassified
trout redds counted in each study section during 1984 are
presented in Table 18. COver half of the total 1,283 trout
redds counted along the entire 100.1 mles of the |ower

Deschutes were found in Section Il. Less than two percent

of all redds counted in the river were seen below Wite

River in Section IV.

Figure 27 presents the nunber of trout redds counted per
river mle in each of the four study sections in 1984,

Trout spawning activity in 1984 was nost intense in Section
|, less intense in sections Il and Ill, and |east intense
in Section IV. This same pattern was observed by the OSGC

in the md-1960's, and reflects the inportance of trout
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Table 18. Steel head, resident rainbow, and unclassified
trout redds counted in each of four study sections of the
| oner Deschutes River, Oregon in 1984.

Tot al

St udy Resi dent Trout
Section Steelhead Rainbow Unclassified Redds
| 0, 0" 222 222

| 63 87 507 657
11 69 32 300 401
[V 14 9 0 23
Total s 146 128 1029 1283

no positive identification because of
| ack of concensus anong field personnel.
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REDDS PER MILE

TROUT REDD DISTRIBUTION

LOWER DESCHUTES RIVER

Figure 27,
four study s
1984,

STUDY SECTION

Trout redds counted per mile of river in each of
ections of the lower Deschutes River, Oregon in
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spawni ng habitat at the upper end of the study area. It is
difficult to say whether this distribution of spawning
activity reflects higher gravel quality in the upper study
sections, greater resident trout population in those
sections, or the fact that there is generally nore spawning
gravel available for trout per mle of river at the upper
end of the study area. However, the quantity of trout
spawni ng gravel per mle in each study section declines in
the downstream direction just as redd densities (i.e.

redds/mle) do.

Mbst of the trout spawning gravel found in sections I, II
and 11l is heavily utilized by spawners. This does not
seemto be the case in Section IV, where deposits of gravel
suitable for use by spawning trout are nost |imted.
Distinct redds were not found at a few gravel bars in
Section |V which have gravel quality (i.e. calculated
Fredle indices) simlar to that of a number of well-used
spawni ng areas sanpled in the upper study sections. The
absence of visible redds at these Section |V gravel bars
may have been due to: 1) a flattening of redd contours by
relatively "flashy" flows before the bars were checked for

redds; 2) the presence of gravel too easily nmobilized in
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those areas of Section IV with reasonable gravel by high
flows (due to a high sound content) to be attractive to
spawners; 3) |low resident trout populations in the reach
or 4) possible spawning mgrations of resident trout from

Section |V to areas upstream

Spawning site selection by steel head and resident rainbow
trout in the river does not appear strongly affected by the
gravel quality differences observed at sanpling stations.
The second nost heavily used spawning area in the river
(according to redd counts) was the sanmpling station bel ow
Trout Creek, which had the second worst gravel quality (in
terms of Fredle indices) of the 13 steel head spawni ng areas

sanpl ed.

Figure 28 contrasts the distribution of trout redds between
the four study sections in 1984 with that of trout redds
counted in the river in 1963, 1964, 1965 and 1966. The
1984 figures are based on a single peak redd count nade at

each gravel bar in the Deschutes R ver after nost trout
spawni ng was conpleted . The OSGC figures are the result

of repeated counts of gravel bars which may have accounted

for some superinposed redds. Thus the current figures may
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TROUT REDD DISTRIBUTIoN

LOWER DESCHUTES RIVER
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Figure 28. Percentage distribution of trout redds counted in

each of four study sections of the lower Deschutes River, Oregon
by the Oregon State Game Commission (1963, 1964, 1965, 1966) and
during this study (1984).
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be conparatively conservative for areas where spawning
activity is nost intense and redd superinposition nost
likely. However, it is doubful that this would have a
maj or effect upon the redd distribution depicted for 1984

in the figure.

Figure 28 suggests that although trout spawning activity is
presently nost intense in Section | (see Figure 27), a
consi derably snaller percentage of all trout spawning in
the | ower Deschutes is taking place in Study Section | than
was occurring there in the md 1960% The OSGC counted
more trout redds in Study Section | than in any of the
other three sections both before (1963; 1964) and after
(1965; 1966) the 1964 flood. Mre trout redds were found
during this study in both sections Il and IIl than in Study
Section |. This apparent change in the distribution of
trout spawning activity in the river is significant because
it may reflect a response of spawners to reductions in the
total area of trout spawning gravel in Section | since

conpl etion of the OSGC study.

The results of redd counts conducted during this study and

those nade by the OSGC after the 1964 flood were tabul ated
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to see if trout in the Deschutes are spawning at nore or
fewer |ocations now than during the baseline study. |t was
reasoned that a reduction in the nunber of areas used could
indicate a reduction in quality or quantity of spawning

habitat in the river

Table 19 contrasts the nunber of gravel bars known to have
been used by spawning steel head or resident rainbow trout
during the first two spawning seasons after the 1964 fl ood
with the nunmber of gravel bars at which evidence of trout
spawning activity was observed in 1984. During the two
years after the 1964 flood, the OSGC docunented steel head
or resident trout spawning on 59 gravel bars in the |ower
Deschut es. In 1984, we also found evidence of trout
spawning at 59 gravel bars. Evidence of trout spawning was
found at fewer gravel bars in both sections | and Il during
this study than in 1965 and 1966. However, trout spawning
appears to have taken place at nore gravel bars in sections
1l and IV during 1984 than in the two years followi ng the
1964 flood (1965; 1966).

Mai nst em spawni ng habitat for sunmer steelhead in the

Deschutes Basin is not abundant (Table 20). This has
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Table 19. Nunbers of gravel bars in each Study Section at
whi ch evidence of steelhead or resident rainbow trout
spawni ng was observed by the OSGC during the two years
followng the 1964 flood (1965-1966) and by Buell and
Associates in 1984.

Study Section 1964- 65 1984
| 10 7
| 23 18
11 23 29
v 3 5

Tot al 59 59
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Tabl e 20. Nunbers of summer steel head (Salm gairdneri)
whi ch could be acconodated by the spawn-r
identified during this study in each Study Section of
the | ower Deschutes R ver, O egon.

St udy Pairs of Spawni ng Sumrer St eel head
Section  Sunmer Steel head Accomodated®  AccomodatedP
I 734 1, 468
Il 2,205 4,410
11 1,922 3,844
(Y 452 904
ALL 5, 313 10, 626

a Based on a redd density of 4.82 yd2/redd (Hunter
1973) and the surface areas of ass | and dass Il
spawni ng gravels identified during this study.

b Assuming a sex ratio of 1:].
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apparently been the case for sonme time (see, for exanple,
Aney et al. 1967). Spawning gravels cataloged during this
study coul d acconodate about 5300 pairs of spawning

st eel head.

If the CDFWis correct in believing that steelhead in the
Deschutes River drainage spawn predomnantly in the

mai nstem spawning habitat in the river mght affect the
size of its summer steelhead popul ation. However, |acking
conclusive data on the proportionate spawner use of

tributary streams, we nust reserve judgement on the
adequacy of the anount of spawning habitat for these fish

i n the mai nstem Deschut es.

STREAMFLOWS

One of the primary prem ses upon which this study was based
I's that spawning gravel in the Deschutes has been degraded
due to altered flow regi mes downstream of the PGE
hydroconpl ex. This prem se was based on the record of
effects of dams on spawning gravel in rivers throughout the

Pacific Northwest and Canada, and a belief that the river

was not experiencing scouring flows as frequently as it did
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prior to conpletion of the hydroconplex. However, during
this study it was found that hydroconplex influences on

flows downstream were far nore conplex than anticipated.

Si nce nost bedl oad novenent in streans takes place during
high flow events, it was inmportant to | ook at the nagnitude
and timng of peak flows in the river. Peak flow timng in
the | ower mai nstem Deschutes has shifted since project
cunpletion, but the magnitudes of the peaks experienced are
simlar to those of peaks which occurred under the
pre-project conditions. In addition, seasonal differences
inflowtimng between the pre- and post-project periods
have been nearly equalled by simlar shifts in tributary

flow patterns.

Fl ow duration curves display the percent of tine that a
given flow is matched or exceeded. Such curves are
constructed from the historical flow records or subsets of
the historical flow records for a particular gaging
station. Once constructed, these curves can be used for a
nunber of purposes, including conparisons of discharge
characteristics at different stations and anal yses of
changes over time in the river discharge characteristics at

a specific location.
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Fl ow duration curves for the Deschutes River during the
pre- and post-conplex periods are given for both the Pelton
and Mbody gage sites in Figure 29. The curves indicate
that high, mid-range and low flows at each l|ocation have
generally been higher in the post-conplex period than they

were during the pre-conplex period. For exanple, at Pelton

(RM100) streanflows exceeded one percent (9,040 v.
8,531) 50 percent (4,400 v. 4,210), and 99 percent of the
time (3,200 v 3,110) have been greater since project

cunpletion than during the pre-project period.

Fl ow duration curves for the pre and post-conplex periods
are presented for the Wite River gage in Figure 30. As is
the case for the mainstem Deschutes, high flows in the
Wiite R ver have generally been greater since conpletion of
the hydroconpl ex than during the pre-conplex period.
However, unlike the mainstem | ower Deschutes, md-range and
low flows in the Wiite River have been slightly |ower since
hydr oconpl ex conpletion than they were during the

pre-conpl ex period.

D fferences in the shapes of the pre- and post-complex flow

duration curves for Wite River suggest that runoff
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patterns there have been slightly "flashier" since conplex
conpletion than they were during the pre-conplex period.
Such a change could result fromdifferent patterns of
precipitation during the two periods or from changes in the
ability of the watershed to store water during storm
events.  However, exam nations of a nunber of flood

hydr ographs for the Wiite River gage during both the pre-
and post-project periods did not provide conclusive

evi dence of such a hydrol ogi ¢ change.

Seasonal streanflow patterns for the mai nstem Deschutes

bel ow Pelton Reregul ati ng Dam have been substantially
different from those recorded prior to conpletion. Figure
31 contrasts the nmean nonthly flows recorded during the
periods before and after conpletion of the hydroconpl ex at
both the Pelton and Mbody gage sites. Streanflow at both

| ocations has been greater during all nonths but April at
Pelton and all but April and May at Mody since the conpl ex
was conpleted. These differences are significant because
spring runoff typically accounted for the greatest
sustained flows in the Deschutes during the period prior to
conpl etion of the hydroconplex, In contrast, nmean flows
have generally been highest during the w nter nonths since

Round Butte Dam becane opti onal
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Figure 32 presents nean nonthly flows in Wite River near
its confluence with the Deschutes during the pre- and post-
conpl ex periods. Like the nainstem Deschutes, Wite River
has experienced an apparent seasonal shift in discharge
patterns. Mean nonthly flows for Wite River have also
been lower in the spring and greater in the winter since
project conpletion. Unlike the mainstem Deschutes,

however, Wite River has had |ower nmean flows during the

sumrer and fall nonths since conpletion of the PGE conpl ex.

H storical flow records for tributaries to the | ower
Deschutes, other than Wite Rver, are limted and thus not
anmenabl e to pre- and post-project analyses. However, the
di fference between Deschutes River discharge at Mody and
that at Pelton is attributable to the conbined flow of al
the lower river's tributaries. Wth this in mnd, a
canposite of the nmean discharge of all tributaries was
determned for each nonth of the year. The total nean
monthly flow of tributary streans was cal culated as the

di fference between the mean discharge at Mody and the nean
di scharge at Pelton for each nonth of the year. Figure 33

contrasts the total nean nmonthly flow of all | ower
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Deschutes tributaries during the pre and post hydroconpl ex
periods. The differences noted are simlar to those
recorded for Wite River. Mean flows for winter nonths are
greater for the post-conplex period while those for the

spring, summer and fall nonths are |ower.

Mean nmonthly flows in both the mainstem Deschutes and its
tributaries have generally been higher in the winter and
lower in the spring during the post-conplex period than
they were during the pre-conplex period. Overall, these
differences reflect an apparent shift in runoff timng in
the | ower Deschutes drainage from spring toward w nter.
The fact that both the Deschutes and its tributaries are
responding in a simlar manner suggests that the seasona
changes in nainstem fl ow patterns are at |east partially
due to factors other than the presence of the PGE

hydr oconpl ex. Factors other than the hydroconpl ex which
m ght be involved in this apparent shift include changes in
precipitation patterns, water storage el sewhere in the
Deschutes Basin, or possible reductions. in natural storage

of water resulting fromland use practices.
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Figure 34 gives the maximum daily, mninmmdaily and
average annual flow in the Deschutes River at Pelton Gage
(RM 100.1) for water years 1925 through 1983.  Maxi mum
daily flows recorded at Pelton gage during this period have
varied from 5160 cfs in 1964, to 15100 cfs in 1965.

Despite concern that the PGE hydroconpl ex has reduced peak
flows in the |ower Deschutes, maximum daily flows for water
years follow ng conpletion of the PGE hydroconpl ex have not
been substantially |lower than those recorded prior to
conpl ex conpletion. In fact, the average of these peak
flows for the post-conplex period (W 1966-83) is 8700 cfs,
over five percent greater than the average of 8820 cfs for

the pre-conplex period (W 1925-1963).

The river discharge necessary to nobilize bedload in the
Deschutes near the Pelton gage (i.e. Study Section 1) is
not known and cannot be determ ned from avail able

i nformation. It is therefore not possible to determne
whet her the di scharge necessary for cleansing gravel of
accumul ated fine sedinment has been experienced nore or |ess
frequently since conpletion of the hydroconpl ex. However

upon conpletion of their study of spawning habitat in the
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Figure 34. Maximum, mean, and minimum daily flows in the

lower Deschutes River, Oregon at Pelton (RM 100) for each
water year from 1925 through 1983,
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Deschutes, the OSGC recommended annual "flushing" flows of

at | east 8500 cfs of 36 hour duration at Pelton gage to

mai ntain gravel quality downstream

If the recommended "flushing flow' is adequate to cleanse
gravel in the Deschutes bel ow Pelton Reregul ati on Dam then
gravel in the river has been cleaned about as frequently
since conplex conpletion as it was before conpletion
Maxi mum dai ly streanfl ow at Pelton gage exceeded the 8500
cfs suggested by the OSGC during 16 of 39 years (41% in
the pre-conplex period and has done so in 7 of 18 years
(39% during the post-conplex period. |f the recommended
8,500 cfs is insufficient to nobilize gravel and renove
fine sedinent, the frequency of occurrence of actua
cleansing flows may have increased since the hydroconpl ex
was conpleted. Wthout knowing the threshold flow for
actual gravel cleaning, no firm conclusion can be nade on

this point.

Annual m ninumflows recorded at the Pelton gage site have
general |y been l[ower since conpletion of the PCE
hydroconpl ex than they were during the period of record

before the conplex was conpleted. Average annual i nimum
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flow (mnimumdaily flow for the post-conplex period has
been 3290 cfs, while that for the pre-conplex period was
3460 cfs. Average annual flows at Pelton during the
post - conpl ex period (mean=4660: n=18) have been greater

than those of the pre-conplex period (nmean=4445; n=39).

Recent changes in the seasonality of peak flows in the

| oner Deschutes are depicted in Figure 35. The exceedance
curves given show differences in the river discharge
exceeded five percent of the time for each nonth of the
year during the pre and post- conplex periods. The curves
suggest that there has been a shift in peak flow timng

fromspring toward winter at both gages.

Figure 36 shows that seasonal timng of peak flows in

unregul ated Wiite River appears to have shifted in the same
direction as that for the nainstem Deschutes. This finding
I's inmportant because it indicates that the change in peak
flowtimng in the minstemis at |east partially due to
factors other than the PGE hydroconpl ex. The observed
trend toward earlier peak flows in the winter caused by any

of the factors noted earlier as plausible explanations for

recent shifts in nean nmonthly fl ows.
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Mean annual discharge for the Deschutes basin has generally
been greater since the PG hydroconpl ex was conpl eted than
it was during the pre-conplex period. For this reason it
I's conceivable that the effect the PGE hydroconpl ex has on
flows in the Deschutes downstream could be greater than
suggested by our pre- and post-conplex streanflow

anal yses. Dam caused reductions in streanflow during
periods of greater natural runoff than would be expected on
the basis of historical flow records may be masked by a
general abundance of water. For this reason, it is
inportant to |ook specifically at available data on the
ways in which the conplex does change the flow regime in

the | ower Deschutes.

Information on active water storage capacity and the vol ume
of seasonal runoff typically stored each year in najor
reservoirs within the Deschutes Basin provides a good
perspective on the relative inportance of the PGE
hydroconplex in altering streanflow in the |ower Deschutes

River (Table 21). Water storage in reservoirs upstream

from Round Butte Reservoir appears likely to have a very

profound effect on streanflows in the |ower Deschutes
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Table 21. Year of first filling, usable storage capacity, and
volune of runoff stored during typical years for najor storage
reseroirs inthe Deschutes Basin upstreamof the Pelton

Rer egul at i on Dam(RM O0).

. Usable oslgfasc%ggil cgluP;/
Reservoi r(s) FFiI IrISIed (1()S(goqrsa%ecrg%agclatt¥ (1000'Stsot':1%dr e-ft) gﬁigr-
Pelton/Rereg. 1957 6.5 0 PGE
Round Butte 1964 273.9 19.8 PCE
ochoco 1919 46.5 24.0 ab
Rrineville 1960 153.0 60. 0 ab
Crane Prairie 1922 48.0 36.0 ORWn
W cki up 1942 200.0 140.0 CRWn
Crescent Lake 1922 80. 7 20.0 ORWn
PGE HYDROOCOMPEX 280. 4 19.8
O'HER MAJCR RESERVI RS 528.2 280.0

a Difference between maxi mum and m ni mum pool vol umes during a
typi cal water year based on information provided by the source
indicated. Actual storage of runoff is somewhat higher,
particularly for Round Butte Reservoir, due to short term
fluctuations in pool elevations.

PGE- Portland General Electric Co.

O D - Cchoco Irrigation District
ORWM Oregon Wt er mast er
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River. This effect may be greater than that of the PCGE
compl ex.  The Pelton/ Round Butte hydroel ectric conpl ex
accounts for 280.4 thousand (35 percent) of the 808.6

t housand acre-feet of active storage capacity present in

t he drai nage above Pelton Reregul ation Dam (RM 100). As
well, the PGE conplex stores about 19.8 thousand acre-feet
of seasonal runoff during a typical year, only about seven

percent as nmuch runoff as is stored in nmajor reservoirs

upstream (280 thousand acre-feet).

The inflow outflow records for the hydroconpl ex show how
the PCE dams nodify flows in the |ower Deschutes. During
most winters, project inflow precedes project outflow by
one or two days. Figure 37 relates the inflow outflow
pattern for the hydroconplex in water year 1983, a year
during which inflow was closely followed by outflow It
can be seen that the magnitude of outflow closely

approxi mates that of inflow for both high and |ow flows.

Time |lags between inflow and outflow are usually small.

In some years, the inflow outflow pattern for the
hydroccrnplex is quite different than that shown for water

year 1983. There are tinmes when inflow and outflow
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asynchrony develops in the winter. Wen this occurs,

di scharge below the project is relatively |ow when inflow
is high, and relatively high when inflowis low This type
of asynchronous winter flow pattern has occurred to varying
degrees since the hydroproject was conpleted. This pattern
devel ops during years of inconsistent winter runoff and

hi gh demand for hydroel ectric power generated by PCE

A graphical representation of the relationship between
project inflow and outflow during 1979, a water year of
pronounced inflow outflow asynchrony, is depicted
graphically in Figure 38. It is readily apparent that the
inflowoutflow relationship for that water year was quite
different than that of 1983. Wen it occurs, this
asynchronous di scharge pattern can be particularly
pronounced during periods of high flow from Decenber

through the end of April.

The degree of synchrony between peak winter flows in the

| ower mai nstem Deschutes and those of its tributaries is

i mportant because these flows are probably responsible for
much of the gravel novenment in the drainage, both in

tributaries and in the mainstem Changing the relationship
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bet ween the delivery of bedload to the nainstem and the
mai nstem s ability to nove that bedl oad when delivered
could lead to a substantial change in depositional patterns

in the mai nstem Deschut es.

Such a change was experienced on the Deschutes late in
1964, when the largest flood recorded for the river was
experienced. As has been the case in nost of the |argest
fl oods on the Deschutes, the 1964 flood was triggered by

warm rains which fell on an unusually |arge snow pack.

In Decenber 1964, Round Butte Reservoir was filled for the
first tinme, capturing the flood "spike" and dramatically
altering flows in the river downstream The nagnitude of
the effect that filling of the reservoir had on flows

i mredi ately bel ow the PGE conplex was extreme and wil
probably never be matched. Figure 39 shows the
inflowoutflow pattern for the conplex during the 1964
flood. Wthout the hydroconpl ex dams, the maxi mum nean
daily flowin Study Section | during the flood would have
been approximately 18,900 cfs on 24 Decenber. As it was
the maxi mum mean daily flow in Study Section | was only

15.100 cfs and occurred (four days after it would have) on
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28 Decenber. In addition, the instantaneous peak fl ood

di scharge at Pelton woul d have reached approxi mately 45,000
cfs, (Don Ratliff, PGE, Madras, Oregon, pers. comm) on 24
Decenber, nearly three times the 15,800 cfs peak

I nstant aneous di scharge actually recorded four days |ater

on 28 Decenber.

Figure 40 presents nean daily discharges recorded by the
USGS for the 1964 flood at Pelton, Mody and Wite River
gages. Wile the highest nean daily discharges for the
Mbody and Wiite River gage sites were recorded on 22
Decenber, that for the Pelton gage came on 28 Decenber. A
large part of the six day difference in peak flow timng
bet ween the gages was due to the water storage in Round
Butte Reservoir' depicted in Figure 39. By conbining
information given in Figure 39 with nean daily flows shown
for the Mody gage in Figure 40, it is possible to estimte
what flows at the Mody gage site woul d have been during
the 1964 flood w thout the PGE conplex in place. Wthout
the hydroconplex, the flood "spike" at Mody would |ikely
have been in the neighborhood of 90,000 cfs, an increase of
nearly 20% over the actual instantaneous peak flow of

75,500 cfs. The flood spi ke at Mody would al so have cone
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two days later on 24 Decenber, as opposed to 22 Decenber.
Additional ly, wthout the PCE conplex, extreme flows would
have been experienced at Mody for a considerably |onger

tinme than they actually were.

Water storage in upper Deschutes Basin reservoirs above the
PGE compl ex (e.g. Cchoco Reservoir, Prineville Reservoir)
may al so have played a significant role in nodifying the
magni tude and timng of the 1964 flood in the study area.
This probably accounts for the fact that the flood crested
| ater on the hydroconplex inflow curve than it did at the
Mbody gage site (RM1.3). Thus, the flood crest would have
reached the Pelton Gage one or two days after the flood
crest at the Mbody Gage, even wthout the PGE damin

place. Even taking this lag into account, however, it is
certain that the PCGE conplex played a major role in
determning what effects the 1964 flood had on the |ower

Deschut es.

Fl ow Regul ati on by PGE and Spawni ng Habitat Downstream

Water storage by the PGE hydroelectric conplex during the

1964 flood prevented the considerable danage to downstream
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spawni ng habitat which was caused by that event from being
even nore severe. Qur attributing of this beneficial
al beit wunanticipated, effect to the PGE conplex is based

upon the follow ng points:

0 Extrene flood events can and do damage or destroy
spawni ng habitat in rivers. The 1964 flood severely
damaged spawning habitat in a nunber of rivers in
Oregon, including the [ower Deschutes (Al Lichens

ODFWretired, Estacada, OR, pers. comm).

0 Round Butte Reservoir captured the "spike" of the 1964
flood, limting peak flows w tnessed downstream during
the event. Peak flows in Section | were held to
approxi mately 35 percent (15,800 cfs/ 45,000 cfs) of
what they woul d have been had the reservoir not stored
most of the flood: flows at Mody, near the nouth of
the Deschutes, were limted to 75,500 cfs, about 84
percent of the 90,000 cfs which would have been
experienced there without the presence of Round Butte

Reservoir.
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The effects of the 1964 flood on spawning habitat in
Section |, immediately downstream of the PGE
hydroconpl ex, were relatively noderate in conparison to
those on habitat in areas farther downriver (Warren
Aey, ODFW La Grande, OR, pers. conm).  Spawning
habitat changes in Section | since the flood have
apparently been greater than those experienced during
the flood (A Lichens, ODFWretired, Estacada, OR

pers. comm). These nore recent changes probably
reflect a lack of gravel recruitnent from upstream
areas conbined wth peak streanflows which have
occasional ly approached the volune of those experienced
in 1964.

Effects of the 1964 flood on spawning habitat in the
Deschutes were nost severe for areas well downstream of
the PGE hydroconplex (Al Lichens, CDFWretired,
Estacada, OR, pers. comm). Mny gravel bars in the

| ower study sections were bl anketed by fine sedinent,
some were conpletely renoved, and others were replaced
by large, unsorted riverbed materials during the flood
(Warren Aney, ODFW La Grande, OR pers. comm..

Spawning habitat in Section Ill, and particularly in
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Section IV, was heavily damaged in 1964. @G adua
changes in the condition of many spawning areas in
sections Il, Ill, and IV since the flood have generally
not been as dramatic as those which tookpl ace during
the event (Warren Aney, ODFW La Gande, OR pers.

comm).

o The relatively noderate effects of the 1964 flood on
spawning habitat in Section I, as opposed to the other
three study sections, was not due prinmarily to
hydrol ogi ¢ characteristics of the Deschutes Basin.

Peak streanflows in Section | since the 1964 flood have
occassional ly approached and nearly equalled the vol une
of those witnessed during the flood (15,100 cfs in 1982
versus 15,800 cfs in 1964). In contrast, flows
recorded since 1964 at the Mody gage have not nearly
approached those docunented there during the 1964
flood. The greatest discharge at the Mody gage site
since 1964 was 27,400 cfs recorded in 1982, only 36

percent of the peak flow observed in 1964.

G ven Round Butte Reservoir's effect on flows in the | ower

Deschutes River during the 1964 flood and the relatively
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nmodest effect the reservoir appears to have had on the
magni t ude of peak flows downstream since 1964, we question
whet her the PGE conpl ex has caused serious spawni ng habitat
degradation in sections Il, Ill, and IV. Spawning habit at
in Section | has been affected by the PGE conplex since the
1964 flood due apparently to a lack of gravel recruitment.
The presence of the PGE dams |ikely prevented severe flood
damage to prime spawning areas in Section | during the 1964
flood, but without the dans in place these areas would
probably have recovered from that damage through natura

processes.

Channel Ceonetry

Ri ver cross-sections for the Deschutes River at USGS
transect sites near the Pelton and Mbody gages are shown on
transparent overlays in Appendix XVII. These two transect
series show that the shape of the Deschutes River channe

has changed over tinme at both |ocations.
The overlay series for the Deschutes River channel at the
Pel ton gage transect shows that the river deepened between

1960 and 1984. This suggests that the river is degrading
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its channel in Study Section I, probably as a result of

restricted gravel recruitnment and altered flow patterns

The overlay series for the Mody gage transect shows
another interesting pattern. Events between 1955 and 1960
and again between 1960 and 1965 caused substanti al
degradation of a large md-channel gravel bar. COver the
years since 1965, the gravel bar has been slowy agrading
This strongly suggests a continuous cyclical pattern of
degradation during infrequent major flood events followed
by aggradation with transported bed materials during

interim years

Contrasting the two gage transects, it can be seen that the
downstream (Mody) transect can experience "recovery" after
floods, erode its gravel bar, but that the upstream
(Pelton) transect cannot because bed materials that m ght
be delivered to it are intercepted by the PGE dans. This
supports the observation of continuing gradual erosion of
spawni ng habitat at the upper end of the study area (Study

Section I).
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ENHANCEMENT

A nunmber of techniques have been successfully used by
fishery managers on the Pacific coast to rehabilitate or
enhance spawning habitat for salnmon and steel head. These
t echni ques range from the construction of |arge,

el aborately engineered and expensive spawning channels, to
the placenent of rock or log weirs in streans to create
scour pools or catch gravel transported by high flows.
Successful enhancenent nethods in one type of application
may prove inadequate or inappropriate in another
situation. It is inportant to design a given enhancenent
program based on the needs and constraints of the

conditions present in a particular reach of river

A review of the literature and discussions with fish

bi ol ogi sts who have done habitat enhancenent work indicates
that the success of a project is dependent on careful site
sel ection and sensible application of appropriate
techniques. For streams with high flows, the magnitude of

i ndi vidual construction efforts and the possibilities of

structural and functional failure are high. Consequently,

nost instream enhancenent of spawni ng habitat has been done
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in streans considerably smaller than the Deschutes River
The followng is a list of potential enhancenent neasures

whi ch were considered for the | ower Deschutes River

1. Enhancenent or rehabilitation of abandoned
spawni ng dunes.

2. Pl acenent of gravel piles to produce spawning
areas downstream

3. Placing large boulders on spawning riffles to
create hydraulic resting areas and cover for
spawners.

4. G avel bar scarification to inprove conditions for
spawni ng and food production.

5. Pl acenent of enhancenent structures near tributary
mouths to accunulate gravels delivered to the
mai nstem Deschutes by peak tributary flows.

6. Establ i shment of artificial spawning riffles in
t he mai nst em Deschut es.

7. I mprovenent of spawning habitat in tributaries.

8. Devel opment of side channels to create new
spawni ng habitat .

9. Use of a specialized gravel cleaner in areas where
streanbed concentrations of fine sedinent are

relatively high
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10. Request a change in reservoir operations by PGE

and other agencies or organizations in the
Deschutes Basin to mnimze discharge patterns

fromPelton Reregul ati on Dam which are
asynchronous with respect to flows in |ower river
tributaries.

11. Delivery of greater flushing flows from a

regulation facility (storage reservoir).

Enhancenent Options

1. Spawni ng dune enhancenent

Many of the spawning dunes constructed by fall chinook in
Section | have become very pronounced and appear to have

been abandoned by spawners. In certain cases the troughs

in front of dunes contain only stream bed materials which
fish are incapable of noving. Oher dunes have becone

heavily arnored on their crests, or have undesirable

contours as a result of continued heavy spawni ng use by
fall chinook. Based on discussions with nmenbers of the
OSGC study team it is apparent that many of the dunes in

Study Section | are nmore pronounced now than they were in
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the 1960's. It is suspected that the controlled flows and

limted gravel recruitnent bel ow Pelton Reregul ati on Dam
may be responsible for the abandonment by fall chinook of

certain spawni ng dunes.

The nopst pronounced spawning dunes in Section | could be
used effectively as natural gravel retaining structures.
Sorted and cleaned gravel of an appropriate size could be
used to fill the troughs between a nunber of the dunes half
to two-thirds full. If this enhancenent strategy proved
effective, simlar supplementations could be made to ot her

dunes.

The crests of some spawni ng dunes which appear to have been
abandoned in Section | could also be nodified. The concept
of nmodifying dunes is not new. Gavel has been added to
spawni ng dunes used by extrenely large rainbow trout in the
Lardeau River, British Colunbia, where gravel recruitnent
is quite limted (H Andrusak, DFQ British Colunbia, pers.
comm). The California Departnment of Fish & Gane (CDFG has
nodi fied the shape of a very large spawning dune at the
Auditorium Riffle in the Feather River, California

(D.Painter, pers. conmm). Fall chinook use of the dune at
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Auditorium Riffle had declined as a result of changes
brought about by very heavy chinook spawning activity.
Fish use of the dune increased dramatically when changes in
the shape of the dune were reversed with a caterpillar

tractor.

2. Gavel Piles

The deposition of large piles of screened gravel at
specific points in the Deschutes River would increase
spawning habitat. This technique would allow the placenent
of gravel in water too deep for heavy equi prent use, and
woul d require nuch |ess maintenance than a nechanically
groomed spawning riffle. Gavel piles could also serve to

retard the erosion of some islands in Study Section |

Success of this technique would be dependent on precise
pl acement of the source materials. For this reason a
hydrol ogi st shoul d eval uate each site before any gravel

piles are created.

There are a nunber of places in each study section where

gravel piles could be used to create spawning habitat or to
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protect islands. Gavel piles could be placed a short

di stance above the head of Jackson's Island (RM 99.9), just
bel ow Pelton Reregul ation Dam to enhance inportant sal non
spawni ng habitat above that island and to halt erosion of
the island itself. Jackson's I|sland should be protected in
any case because critical spawning habitat in a side

channel along its western edge will be seriously degraded

if the river continues to erode the head of this island.

Because Jackson's Island is directly bel ow Pelton

Reregul ation Dam it would be inportant that any gravel
deposited there is properly positioned. It mght be
necessary to protect the upstream face of any grave
deposited at that location with a few |arge boul ders spaced
in a way that allowed gradual erosion during high flow
conditions and prevented the river from quickly renoving
the entire deposit. Wth this in mind, we would recommend
that a prototype gravel pile be placed farther downstream
in Section | before one is placed above Jackson's Island.
Two candidate sites for such a prototype are the area just
above Disney Island (v = 98.9), on the-south side of the
Deschutes and the area above the public boat ranp at Warm
Springs (RM = 97.0).
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3. Boul der Placenents

Large angul ar boul ders could be used in the Deschutes to
alter flow patterns over a few md-channel gravel bars
whi ch are presently under-utilized by chinook spawners.
These boul ders would dig scour holes or create deposition
areas, depending on boul der size relative to high flow
stream stage, and generally nake the avail abl e spawning
habitat nore heterogeneous. This would tend to provide
desirable hydraulic conditions over the bar for a w der

range of river flows.

A di anond shaped orientation of four boulders is often
placed in streans to inprove fish habitat. This sane
general arrangement, wth the proper size and spacing of
boul ders determ ned by an experienced hydrol ogist, could be
utilized on the Deschutes. A good site for inplenenting
this enhancenent technique is |located near the upper end of
Study Section Il, at bar 2065 (RM 95). Vehicular access to
this gravel bar is along a dirt road on'the east bank of

the river.
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If other bars were selected for boul der placenent, it would
be inportant that they be |ocated near a source of |arge

boul ders or near a road by which boul ders can be delivered
to the site. Helicopter transport of boulders from renote

sites would probably be prohibitively expensive.

4. @Gavel Bar Scarification

A nunber of gravel bars on the |lower Deschutes are
conpacted and are presently thought to be unused by
spawning fish. A few of these bars are known to have been
used by chinook spawners in the 1960's. Sone of them are

still occasionally used by spawning chinook

Some conpacted bars could be made suitable again for

chi nook spawning by breaking up their surfaces with ripper
teeth mounted on a large caterpillar tractor. The
effective life of this enhancement measure would depend on
the rate at which bars woul d become conpacted again. |f a
particular bar is conpacted because of prevailing river
conditions, scarification would inprove spawni ng habit at

only tenporarily unless continued fish use naintains grave
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quality. However, if a bar is conpacted as a result of
persistent effects of the 1964 flood, and the river or
spawni ng fish have been unable to significantly |oosen the
gravel -fines matrix, scarification could provide |ong-term

enhancenent .

Among the opportunities for this type of enhancenent
activity are gravel bars at Fall Canyon (RM 10.2) in
Section IV, and at Wndy Flat (RM 65.2) in Section III.

The Fall Canyon site is on the west side of the Deschutes
and would be extremely difficult to reach with heavy

equi pnent.  Vehicular access to the Wndy Flat site is via
a dirt road which heads south from of Mupin along the east
bank of the river. This is one of the few gravel bars in
sections |1l or IV where the river bank slopes gently
enough toward the river to allow relatively sinple tractor

access.

The Wndy Flat gravel bar would be a good choice for a
first effort at bar scarification. It is shallow enough to
work on with heavy equi pnent and was sanpl ed during the

course of the study reported here. The fact that it has

been studied would allow sone interesting nonitoring once

conditions on the bar have been enhanced.
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Scarifying gravel bars would stir up large quantities of
fine sediment and increase water turbidity. For this
reason it would be inportant to schedule any bar scarifying
activity to mnimze the effect that this would have on
areas downstream The WId and Scenic River designation in
effect on the Deschutes could make inplenmenting this
measure a difficult matter, in spite of its potential

benefit.

5. Place Enhancenent Structures near Tributary Mouths.

Enhancenent techniques used to sort and retain (stabilize)
gravel have been tested primarily in snall streans rather
than in large rivers like the Deschutes. Structures |ike
gabi ons (Anderson and Caneron 1980; House and Boehne in
press); boul der bernms (Everest and Sedell 1984; and Heller
1984) and log sills (Geen 1984; Wley 1984) have been used
in smaller Oegon streams with a high rate of success, and
woul d be applicable to side channels in the Deschutes (see
below). However, techniques for trapping gravel in large
rivers are not well devel oped. Due to the hydraulics of

large rivers, any attenpt at collecting gravel wth
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structures which span the channel woul d probably be

unsuccessf ul .

In larger streams, spawning habitat along channel margins
has been inproved through the use of groynes or jettys
extending into the channel. These structures provide
eddies or slack water zones which allows gravel to be
deposited downstream This technique of creating snal
gravel bars along channel margins in larger streamis

applicable to rivers such as the Deschutes.

The USDA Forest Service has used offset deflecters in Hurdy
Qurdy Creek California to produce up to 20-fold increases
in spawning gravel deposition and retention. Hurdy Qurdy
Creek is approximately 100 ft in wdth with peak flows of
7500 - 8500 cfs (Kerry Overton, USFS, Eureka, California,

pers. comm.).

Al though an offset pattern of opposing groynes would have
only a marginal chance of success in a river as large as
the Deschutes, placing groynes or clusters of very l|arge
boul ders a short distance above or bel ow the nout hs of

certain Deschutes River tributaries, particularly in
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Section IV, has the potential of increasing available
spawning habitat. The increase would be realized when a
gravel bar was fornmed immediately downstream from the
tributary which delivers bedload to the Deschutes. This
type of gravel bar does not presently form bel ow the nouths
of many |ower Deschutes tributaries because the Deschutes
River tends to renove whatever gravel they deliver to the
mai nstem  Natural structures which provide hydraulic
characteristics along the stream margin which sort and
deposit spawning gravel are uncommon in the |ower

Deschut es.

Belief in the potential success of this action is based
upon observations made during this study. One of the few
deposits of gravel presently utilized by steelhead in
Section |1V has devel oped because a rocky point protects the

mouth of an intermttent creek from excessive scour during

hi gh fl ow

Accurate placenent of enhancement structures to be used to
protect tributary deposits of gravel from being scoured by
mainstem flows will be essential to the success of this

measure. For this reason it is inportant that an
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experienced hydrol ogist assist in this process. Some
adjustnments in the sizing or placenent gravel catchnent
structures the deposition agent nmay be necessary after

initial work has been conpl et ed.

6. Create Spawning Riffles

One of the oldest nmethods used to increase the anount of
spawning area is the addition of spawning gravel. This

techni que yields increases in the anount of gravel

avail able for spawning fish, but the deposits are often

unstable and short-lived. This can be particularly true
for a large river which is capable of noving even |arge

spawni ng gravel at high flows.

For example, the California Department of Fish & Gane
pl aced 6600 cubic neters of gravel in a riffle on the
Sacranmento River, only to have the gravel renoved by
scouring flows (K Buer, pers. conm). In contrast, grave
pl acement in the Feather River, below Lake Ooville proved
to be a very effective way to create new spawni ng habitat.

In this situation, a swift run was effectively transfornmed

into a very heavily used spawning area for fall chinook
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al though the area will require periodic supplenmentations of

gravel .

Qther problens can arise when attenpting to create
artificial spawning areas in large streams. Long,
carefully grooned and highly uniform gravel bars were
constructed in the Trinity River in Northern California to
provi de suitable spawning conditions for chinook. The fish
used only the upper and | ower ends of these riffles,
ignoring nost of the habitat in the mddle. Apparently

hol ding areas and desirable boundary |ayer conditions were
absent except at the heads and tails of these riffles.
Simlar observations were made at the Carmen Smth spawning
channel near Eugene, Oegon (Lou Fredd, ODFW Portland, OR
pers. conm). Such events denonstrate the necessity for
het er ogeneous hydraulic conditions on and near spawning

ar eas.

7. Tributary Spawning Habitat Enhancenent

Some Deschutes River steelhead use tributary streans for
spawning. From a stream system perspective, if spawning

habitat is limting populations of steelhead in the
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Deschutes Basin, enhancenent in tributary streams should
acconmpany simlar efforts in the mainstem Techniques for
this type of enhancenent have been reviewed and descri bed
extensively el sewhere (Baker and Hall 1982; Reeves and
Roel of s 1983; Bottom et. al. 1985, nany others) and are
the subject of a large nunber of activities presently being
i npl enented by the Bonneville Power Adm nistration as
measures in the Northwest Power Planning Council's Fish and

Wldlife Plan.

Abundant opportunities for increasing the amount of

st eel head spawni ng habitat undoubtedly exist in several of
the perennial tributaries of the Deschutes River. These
opportunities could be inventoried, evaluated and

i npl enented if practical and prom sing.

8. Side Channel s

Two types of side channels provide opportunities for

spawni ng habitat enhancenment work. One is a snall side
channel with limted gravel deposits and year-round flow.

Such channel s can be enhanced by placing gravel retention

structures in themwhich will alter flow patterns and
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result in the accunul ation of spawning gravels. |In some
cases it can be necessary to place screened gravel in front
of the structures because natural gravel delivery to the

enhancenent site can proceed at a very slow rate.

Ephenmeral side channels of large rivers can often provide
excel lent cost-effective opportunities for enhancing
spawning habitat. This is acconplished by carefully

nodi fying the upstream ends of these channels and diverting
water into them fromthe main river channel to create
habitat where none existed before. The benefits of this
type of activity are two-fold, since it can increase both

spawni ng and rearing habitat.

Enhancement of epheneral side channels requires carefu

pl anning and m ght involve placenent of an adjustable flow
controlling structure at the upstream end. In addition, it
Is sometimes desirable to restructure the hydraulic
geonetry of the channel with heavy equipnment and to nodify
the lower end of the channel to inprove spawner access from

the main river

I nstream structures |i ke boulder berns or weirs can be

placed in epheneral sidechannels at regular intervals to
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control water velocities, create a desirable pool-riffle
sequence, or retain gravel for use by spawners. Gavel can
be added to the channel or allowed to accunulate naturally,
depending on the anticipated rate of gravel novenent
through the channel. This concept of enhancing ephenera
channels forns the basis of recommendations which have been
made to the California Departnent of Fish & Gane on ways to
I ncrease spawning habitat in the Klamath River, California
(Buer, pers. coom). The way in which an epheneral side
channel could be devel oped as a spawning area has been
described in detail be the California Departnment of Water
Resources (1981).

Unli ke many rivers, the Deschutes is generally lacking in
this type of enhancement opportunity. One opportunity for
this activity, just downstreamof Harris Canyon (RM 12.0,
has been identified and utilized by the ODFW There are a
number of reasons for the lack of these opportunities on
the Deschutes, including a relatively steep river gradient
and the fact that |ateral novenent of the river is
restricted along nuch of its length by steep, often rocky
banks. The 1964 flood nay also have obliterated old
nmeander and flood relief channels which had existed prior

to that event.
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9. Gavel deaning Machines

A nunmber of spawning gravel cleaners have been devel oped
and tested. The cleaners are designed to renove fine

sedi nent fromgravel and thus increase salnmnid egg and
alevin survival. Hgh costs associated with operating the
machi nes and a frequent need to reclean the treated gravel
generally limt the use of available cleaning devices to
heavily used spawning areas and nan-nmade spawni ng

channel s.

Machi nes still being developed (e.g. Mh, 1978) which
utilize hydraulic jets have been shown capable of renoving
fine sedinent from relatively honbgeneous gravel deposits
(Allen et al., 1980). However, these hydraulic gravel
cleaners are unable to clean the coarse or poorly sorted
gravel typically found in many large rivers. Another

gravel cleaner, which enploys a vibrating, screen-backed

di ggi ng bucket nounted on a Gadeall tractor, has been used
to inprove gravel quality in a British Colunbia River
(Andrew, 1976; 1981; pers. comm).
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There are a nunber of considerations which nake the use of
a gravel cleaning machine in the Deschutes advisable. The
machines are very expensive to build and use, and provide
benefits which will be short lived if fine sedinments are
frequently delivered to the enhancenment site. Also, fish
sonetimes do not show a strong preference for the cleaned
gravel. Sedinent released fromthe streanbed during a
maj or gravel cleaning operation can have adverse effects on

water quality, and aquatic life downstream

10. Change Hydroconplex Qperations to Elimnate or Reduce

Asynchronous Discharge

The issue of asynchronous di scharge fromthe Pelton/Round
Butte hydroconplex and the inplications for spawning
habitat quantity, quality and distribution were discussed
in the Flows portion of the Results and Discussion section
of this report. Asynchronous flows could be mitigated or
avoi ded by altering hydroconpl ex operations or the storage
patterns of reservoirs farther upstreamto nmatch the timng
of high flow releases fromthe PGE conplex nore closely

with those of major tributaries downstream This process

woul d be significantly enhanced by coordination wth
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operators of upper basin reservoir to provide optinmm
streanflow characteristics when necessary. |nplenentation
of this enhancenent strategy would require coordination
agreenents anmong CDFW PGE, and operators of upper basin

reservoirs.

11.  Flushing Fl ows

The concept of releasing flushing discharges from the

Pel t on/ Round Butte hydroconpl ex was previously discussed.
As nentioned in that discussion, flushing flows were
recommended in the 1960's by the OSGC for the purpose of

mai ntai ning spawni ng gravel quality by scouring fine

sedi ment away. The inplication of increased flushing flows
under present conditions in the |ower Deschutes were also
discussed. If increased flushing flows are needed to clean
presently conpacted gravels or to reverse encroachnent of
vegetation, sonme means nust be devised to protect inportant
spawni ng areas in Section | and portions of Section Il from
excessive degradation (erosion). This is a very inportant
consi deration because a significant proportion of spawning
habitat in the upper study sections, especially that for
steel head, would be placed at risk if flushing flows
sufficient to scour conpacted gravels and encroaching

vegetation were inplenented.
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CONCLUSI ONS/ RECOMMVENDATI ONS

Several conclusions have been reached during this study.

These concl usi ons are:

Snawni ng Gravel Area

0 The 1964 flood had a profound effect on the quantity,
distribution, and probably quality of spawning grave

in the Deschut es.

o The magnitude of the 1964 flood and its consequences
obscured certain changes which mght otherw se have

occurred or been attributable to the hydroconpl ex.

o The 1964 flood woul d probably have caused significantly
nore damage to critical spawning habitat in Section I,
and possibly in the other three study sections, wthout

t he PGE hydroconplex in place.

o There has been a reduction in the quantity of spawning

gravel present in Study Section | since the md-1960's,
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as a result of restricted gravel recruitnent from areas
upstream of the PCGE hydroconplex. The loss of this
habitat may occur at an accelerated rate as islands in

the Section are |ost to erosion.

Changes in spawning habitat within Section | since the
1964 flood have apparently been greater than those

caused by the flood.

The amount of spawning gravel present in sections II,
[1l and 1V declined substantially during the 1964
f | ood.

Changes in the anount of spawning gravel present in
sections Il, |1l and IV since the flood cannot be
defined quantitatively using available data. However
it is suspected that there have been changes in the
quantity of spawning gravel present these sections

since the fl ood.

The anount of spawning gravel suitable for summer
steel head (and/or resident rainbow) trout and fal
chinook salnon use in the |ower Deschutes generally

declines in a downstream direction
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o There is substantially nore chinook spawning habitat in

the |ower river (Section IV) than previously thought.

o There appear to be spawning areas for chinook sal non,
particularly in deeper areas of the |ower Deschutes,
whi ch have never been identified. This habitat tends
to be found in the center of the river channel and is

difficult to identify. A nunmber of these areas may be
visible only from altitudes notably higher than those

flown during standard redd surveys.

o There are some signs of encroachnent by aquatic,
energent and riparian vegetation on spawning areas in

the river, particularly in sections | and II.

G avel Perneability

o The standpi pe procedure used to measure gravel
permeability during this study andthe OSGC study
produces extrenmely variable results. It is therefore
not recommended for use in situations where statistica

sensitivity is inportant.
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0 Because of extreme variability in all data sets, both
those obtained during this study and those of the OSGC,
no conclusion can be reached regarding gravel
permeabi ity changes which may have taken place in the

Deschutes since the md-1960's.

o Gavel perneabilities recorded during this study were

the highest in Section | and lowest in Section IV.

G avel Conposition

0 Present baseline conditions of gravel quality in the
| oner Deschutes were docunmented using a freeze-core

met hodol ogy.

o Mean Fredle indices calculated for the gravel depth
nost likely tolimt rates of survival for salnonid
enbyros ranged between 5.61 and 14.03 in chinook
spawning areas and from 2.63 to 9.78 in steel head
spawni ng areas. These val ues suggest that grave

quality is good at npst spawning areas sanpled.
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0 Better gravel quality was found in spawning areas bel ow
Wiite River (based on Fredle indices) than has
previously been thought present in that reach of the
river.

Spawner Use

0 Fall chinook in the Deschutes River are capable of
spawni ng successfully in gravel which nost fish

bi ol ogi sts woul d considered marginal or unusabl e.

0 Fall chinook in the Deschutes River are capable of
strongly influencing the quality of their spawning

habi t at .

0 Fal | chinook spawning in the Deschutes is often
associated with spawning dunes, particularly in Section

l
0 Many spawni ng dunes, especially sone of those in

Section |, appear to have been abandoned be fall

chi nook.
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Most steel head/ resident trout spawn in the upper

portion of the study area (sections | and Il) as they
did in the md-1960s.

The proportion of steel head/resident trout spawning in
the river which occurs in Study Section | has
apparently declined since the md-1960's, perhaps
reflecting a reduction in spawning area or a reduced

| ocal popul ation of resident trout.

Nearly all of the suitable steel head/resident trout
spawni ng habitat present in the upper three study

sections (I, Il and Il1) receives heavy use by spawning
fish.

The distribution of steel head/resident trout spawning
activity in the Deschutes appears nore closely related
to the distribution of suitable gravel than to
differences in spawning gravel quality as reflected by

Fredl e indices.
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Mai nstem fl ows bel ow t he Pelton/Round Butte
hydroconpl ex are often asynchronous with respect to

tributary flows.

Asynchronous flows could lead to undesirable patterns

of sedinment deposition.

Peak flows in the |ower Deschutes since conpletion of
the PGE hydroconpl ex have not been appreciably | ower

than those experienced prior to conpletion.

Not all recent changes in the flow patterns of the

| oner Deschutes River are attributable to the PGE
hydroconpl ex.  Significant changes in flow patterns
have been observed in a nmajor unregulated tributary
stream  These changes resenbl e those in the nainstem
and again suggest that factors other than the PGE
hydroconpl ex are playing a role in observed changes in

Deschutes R ver hydrol ogy.

161



0 Some changes in lower river flow patterns can be
attributed to upper basin inmpoundments. Seasonal water
storage in reservoirs upstream of the PCGE conplex is
typically an order of nagnitude greater than that in

Round Butte Reservoir.

0 Land use practices and/or neteorol ogical conditions nay

be responsible for altered flow patterns.

o Timng of peak flows in the | ower mainstem has shifted

from spring towards wnter.

0 Part of the seasonal shift in mainstem flow patterns is

due to the PGE hydroconplex and part of it is not.

Enhancenent

o There are a nunber of viable opportunities for

enhancing the spawning habitat of Deschutes River
sal nonids, both in the mainstem and probably in a

nunber of tributary streans.
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0 There are needs and opportunities to acquire additiona
information relating to anadronous and resident

sal monid spawning habitat in the | ower Deschutes.

Based on these conclusions, and as a result of a

consi deration of reasonable habitat enhancenment techniques
and opportunities identified during this study, several
speci fic habitat enhancement or mtigation measures could
be inplenented. It is recommended that these neasures be
implemented only to the extent that it is independently
concl uded that spawning habitat is limting popul ations of
natural |y reproduci ng anadronmous or resident salnonid

popul ations in the Deschutes River

If spawning habitat enhancenment is warranted, a three phase
program of enhancing spawning gravel in the river should be
undertaken.  The program should begin with the

I mpl ement ati on of prototype spawning habitat enhancenent
methods in the river. Next, the effectiveness of these
initial enhancenent efforts should be nonitored for a
period of time to determne how effective they are in terns
of both physical habitat changes and fish utilization.

Prot ot ype nethods shoul d be abandoned or nodified and
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re-tested if they are unsuccessful in achieving the desired
results. Finally, based on experiences with the prototype
efforts and an economi ¢ analysis of expected benefits, a

maj or gravel enhancenment effort would be undertaken

Since the naturally reproducing fall chinook sal mon and
steel head trout in the Deschutes have distinctly different
spawning requirenents and life histories, it is possible
that production of one species may be limted by available
spawni ng habitat while that of the other is not. For this
reason it may be advisable to select enhancement strategies
whi ch are designed prinmarily to increase or inprove
spawni ng habitat for one of the two species. In many cases
the same general enhancenent method can be used for both
species with only a slight change in the sizing and

pl acement of materials used.

Should it be decided that a nmmjor program to enhance

spawni ng habitat in the Deschutes is called for, the
followi ng actions are reconmended for the first phase of

that program
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Add 1 to 4 inch dianeter screened gravel to the troughs
bet ween dunes at the Guard Rail (RM 98.5) and Val ve (RM
99.6) stations. G avel should be added until the

troughs are half to two-thirds full.

Deposit gravel piles at the head of Jackson's Island
(Wwth sone arnoring), above Disney I|sland and above the

public boat ranp at Warm Springs (RM 97.2).

Pl ace |l arge boul ders on bar 2065 (RM 96) to produce
more het erogeneous hydraulic conditions and add to
holding areas for adult fish. An additional site for

this technique is bar 2165 (RM 94.1).

Scarify the surfaces of gravel bars at Fall Canyon (RM
10.2) and Wndy Flat (RM 65.2).

Pl ace gravel retainnent structures near the mouths of
Ratt| esnake Canyon (RVB0.3), Gak Brook (RM 36.1), Buck
Hol | ow Creek, Bakeoven Creek (RM 51.4), and Jones
Canyon (RM 34.3).
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0

Devel op spawning habitat in the side channels at RM
58.8 (right bank) and at the public boat ranp upstream
of the Warm Springs Bridge (RM 97.2). Three or four

ot her side channels could be enhanced for spawning,
sone through addition of gravel alone and some through

addition of gravel and gravel retention structures.

The Oregon Departnent of Fish and WIdlife has recently
devel oped an epheneral side channel at Sharp's |Island
(RM 12). No other epheneral channels should be

devel oped until this effort has been eval uated.

Survey Nena, Qak Brook, Buck Hollow, Bakeoven, Shitike
Eagle and VWapinitia creeks for opportunities to enhance
spawni ng habitat. Enhance habitat in those which offer

significant benefit potential.

Devel op precise synchrony criteria for discharge at the
Pelton gage site to optimze high flow characteristics

in the |ower river

Do not create artificial spawning riffles, use grave
cl eaning machines, or seek increased flushing flows to

I mprove spawning habitat in the Deschutes.
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Additional Information Needs

During the course of this study, a number of needs for

additional information pertaining to anadronous and

resi dent popul ations of salnmonids in the Deschutes River

and their spawning habitat becanme evident. It is

recommended that efforts be undertaken to acquire this

information through additional studies or other neans.

These i ncl ude:

0

A detailed aerial survey of fall chinook spawning
activity in the |lower Deschutes River should be
conducted to determne which gravel bars in the river
are presently used by spawners. Information obtained
from such a survey could then be conpared to the
results of surveys conducted by the OSGC in the 1960 s
to determne how spawner use patterns have changed over
time. This type of conparison could be greatly
enhanced through the participation of a biologist who

was involved in the surveys nade by the OSGC (e.g. Al
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Li chens). Data collected during the aerial survey
woul d al so serve as a baseline on present conditions to
which the findings of periodic (e.g. 5 year) followup

surveys could be conpar ed.

If a detailed survey of chinook spawning is undertaken

attention could be given to the |ocations of spawning
sites selected by fall chinook in each spawning area.
Information on the distribution of chinook redds wthin
spawning areas Will help to identify fish responses to
habi tat changes. For exanple, such information could
be used to determ ne whether or not certain spawning
dunes or other key historical spawning sites in the

river are presently being used by fish.

Each fall, the ODFW and PGE conduct redd counts in
sel ected index reaches of the |ower Deschutes from a
helicopter to monitor fall chinook spawning activity.
At the present time the total nunber of redds counted
within each index reach is recorded without regard to
where in each reach they are |located. The nunber of

redds counted in distinct spawning areas wthin each
i ndex reach should be recorded separately during future

redd counts. Counts made in this fashion over a
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period of tine would identify shifts in spawner use

patterns which would not otherw se be evident.

Cbservations made during this study suggest that there
are mgjor fall chinook spawning areas in deep water
that can only be viewed froma greater altitude than
that from which redd counts are presently made on the
Deschutes.  These inportant spawning areas were
previously unknown to biologists. An effort should be
made to determ ne how nany of these areas exist, where
they are located, how large they are and how
extensively they are used by fish. [|f these areas
conprise a significant portion of total available
spawni ng area for chinook salnmon in the Deschutes
River, they should be incorporated into annual redd
counts.  Subsequent redd counts could be indexed to
records from previous years by noting the ratios of
counts from new and old areas and counts from high and
low altitude passes over a few seasons. Previous
years' records could then be corrected to nore

accurately reflect historical spawner distribution

Efforts should be nmade to identify how nmuch of the
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steel head production in the Deschutes systemis
attributable to spawning and rearing in tributary
streams.  Unlike fall chinook, which are essentially
restricted to the mainstem | ower Deschutes, steel head
spawn in tributaries like the Warm Springs R ver and
Trout Creek. It is unclear what proportion of the
summer steelhead run is conposed of tributary spawners
because data on spawning activity in nost of the

tributaries is sparse.

Natural |y reproducing anadronous sal nonids are no

| onger produced in the Deschutes drai nage above the PGE
hydr oconpl ex because no effective neans of passing
snolts downstream around the three dans was ever

devel oped. The reintroduction of viable sal mon and
steel head popul ations to the upper drainage would
probably be possible if the problem of downstream
passage could be solved. For this reason, the

devel opnent of an effective system for passing snolts
downst ream around the PGE dans shoul d be encouraged.
Such a system would greatly increase the anount of
habitat available for the production of wld sal mon and
steel head in the Deschutes drainage. The downstream

passage problem presently appears to be related to the
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lack of a flow net in surface waters aggravated by
certain neteorological conditions. A hydrologi cal and
nmet erol ogi cal (wind) nodel of the Billy Chinook Lake

woul d help clarify this question.

The deposits of spawning gravel mapped on air photo
overlays during this study should be reexam ned at sone
time in the future to determ ne whether any changes
have taken place in the quantity and distribution of
spawni ng gravel in the Deschutes. The set of 1:2000
scale infared aerial photographs of the | ower Deschutes
used during this study were taken in 1982 and provide
excel l ent docunentation of river channe

characteristics (e.g. river width, |ocation and size of
islands, etc.) which may change in response to nodified
flows. If at sone time in the future it is suspected
that conditions in the Deschutes have deteriorated, a
set of simlar photos should be generated and conpared

to those taken in 1982.

An effort should be made to determ ne how nuch and how
frequently gravel novenent takes place at selected
sites on the |ower Deschutes. |f gravel retaining

structures are placed in the river as part of a
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gravel enhancenment program the rate at which they trap

gravel will help in this determnation

The freeze-core gravel sanpling done during this study
shoul d be repeated periodically to nonitor grave
quality (e.g. every 5-7 years) in the Deschutes.

Freeze core sanpling could also be conducted during a
year in which streanflow conditions in the Deschutes
are thought likely to have had an adverse effect on
gravel quality (i.e. years with |ow average spring
streanflows for the upper basin and pronounced
asynchrony between rel eases fromthe Pelton
reregulation facility and tributary flows) to determne
whet her gravel quality problenms have devel oped. The
results of such sanpling would indicate where in the
river future gravel quality problens are nost likely to

devel op.

Wthout natural gravel recruitment from areas upstream
of the Pelton Reregulating Dam tributaries of the
| oner Deschutes play a critical role in supplying

gravel necessary for the long-term maintenance of

spawning areas in the river. The gravel budget of the
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Deschutes is poorly understood at the present tine.
However, it is inportant to consider the potential for
reductions in salnon and steel head spawni ng habit at
when planning activities that mght reduce the rates at
which tributaries deliver gravel to the nainstem  Sone
effort should be made to determne the gravel budget
needs of the Deschutes River in order to preserve

exi sting spawning habitat.

Resi dent rainbow trout in the Deschutes River spawn in
many areas utilized by spawning summer steel head.

Based on observations nade during trout redd counts in
1984, this comon use of spawning areas can lead to

superinposition of resident trout redds on steel head
redds. The effect of this superinposition on steel head
egg survival in the river is unknown and is worthy of

I nvestigation.
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